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Abstract of JP 2003083932 (A) 
PROBLEM TO BE SOLVED: To provide a sensor 
array which identifies the kind of a microorganism, a 
bacterium, a virus, pollen or the like so as to be 
capable of being quantitatively measured stably 
when the microorganism, the bacterium, the virus, 
the pollen or the like coexists in air or water. 
SOLUTION: A diaphragm part 1 in which a detecting 
element (a p-n junction diode) Dj ,i is arranged is 
supported in an array isolation region 3 in a hollow 
state by a first support leg 2a and a second support 
leg 2b. The detecting element (the p-n junction 
diode) Dj ,i which is composed of an anode region 
51, a cathode region 52 and a cathode contact 
region 53 is housed at the inside of the diaphragm 1 
which is used as the lid or the roof of a very small 
cavity region Cj ,i . An immobilized enzyme 41 as a 
laminar reactant is arranged on the bottom at the 
inside of the region Cj ,i . 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A sensor array comprising: 
A substrate. 

Two or more microporosity fields arranged this board top or inside this board at array form. 
A diaphragm part arranged so that each upper part of a microporosity field of this plurality may 
be covered. 

A support saddle which connects an array isolation region surrounding this diaphragm part, this 
array isolation region, and said diaphragm part, An interval part which passes said detected 
object between said diaphragm part and said array isolation region including a sensing element 
which is arranged inside said diaphragm part, respectively and detects a state in said 
microporosity field, and two or more bit lines which pass an electrical signal from each of said 
sensing element. 

[Claim 2]The sensor array according to claim 1 providing further heater wiring for controlling 
temperature in said microporosity field where a sensing element which ran corresponding to 
said two or more bit lines, respectively, and was connected to said bit line has been arranged, 
respectively. 

[Claim 3]The sensor array according to claim 1 or 2, wherein said sensing element measures 
either of the PHs of a solution in light generated in said microporosity field, temperature, or said 
microporosity field. 

[Claim 4]A sensor array given in any 1 paragraph of claims 1-3 providing a cap layer 

characterized by comprising the following further. 

It is a wrap fringe part about the upper part of said interval part. 

A supporter which a pars basilaris ossis occipitalis is connected to each crowning of said 
diaphragm part, and supports said fringe part. 

[Claim 5]With voltage which possesses further an upper electrode provided in a pars basilaris 
ossis occipitalis of said fringe part, and a lower electrode which countered this upper electrode 
and was provided in a crowning of said array isolation region, and is impressed to said upper 
electrode and said lower electrode. The sensor array according to claim 4 controlling an interval 
of said fringe part and a crowning of said array isolation region. 

[Claim 6]A sensor array given in any 1 paragraph of claims 1-5, wherein said sensing element is 
a pn junction diode or ion detection FET. 
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[Claim 7]A sensor array of claim 1-6, wherein a luminescent substrate and photogenic ferment 
which react to ATP of a microorganism into said microporosity field are arranged given in any 1 
paragraph. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the biosensor which detects the inside of the 
air or an underwater microorganism, a cell, a disease germ, bacteria, a virus, plankton, a 
microorganism, etc., and monitors air (outdoors, interior of a room) or water quality 
(pathogenic-protozoa Cryptosporidium in tap water, water of a river, sea water). 
[0002] 

[Description of the Prior Art]Conventionally, biosensors, such as an enzyme sensor, a microbial 
sensor, and an immune sensor, are known. Although an enzyme is a substance which exist in the 
living body, it is a oxidation reduction type enzyme, transfer enzyme, and the hydrolase that are 
used as a sensor. For example, the chemical generated combining the special electrode in the 
enzyme can be measured by an electrode, and the original chemical can be measured from the 
result. By the glycose sensor which is one of the enzyme sensors, using oxidative enzyme called 
glycose oxidase, the glycose (grape sugar) in blood is oxidized and the substance and hydrogen 
peroxide which are called glucono lactone are generated. Glucose concentration can be 
measured if the enzyme amount of consumption consumed at this reaction is measured with an 
enzyme electrode. 

[0003]A microbial sensor fixes a microorganism instead of an enzyme, and what measures the 
substance which a microorganism metabolizes with an enzyme electrode is known. Since it will 
react if an antigen-antibody reaction is used, the antigen taken out from red corpuscles, for 
example to the poly membrane is fixed and an antigen adheres, and membrane potential is 
changed, the immune sensor can detect a subject as a potential signal. 
[0004] As mentioned above, a biosensor mainly uses a biochemistry reaction and is using 
various living body related substances according to a measuring object. 
[0005] 

[Problem(s) to be Solved by the Invention]Thus, while the biosensor can detect the target 
special material by high sensitivity, when a microorganism, bacteria, a virus, pollen, etc. live 
together in the inside of the atmosphere, or underwater, measurement becomes complicated, 
and identification and the stable quantitive measurement of a kind are difficult for it. 
[0006]An object of this invention is to provide the sensor array in which the quantitive 
measurement stabilized identifying the kind is possible when a microorganism, bacteria, a virus, 
pollen, etc. live together in the inside of the atmosphere, or underwater in view of the 
above-mentioned problem. 
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[0007] 

[Means for Solving the Problem]to achieve the above objects, this invention — a (b) board and 
(**) with two or more microporosity fields arranged as an array this substrate top or inside 
this substrate. (**) A diaphragm part arranged so that each upper part of two or more of these 
microporosity fields may be covered, (**) an array isolation region surrounding this diaphragm 
part, and (**) — with a support saddle which connects this array isolation region and diaphragm 
part. (**) It is arranged inside a diaphragm part, respectively and let it be a gist to be a sensor 
array containing a sensing element which detects a state in a microporosity field, and two or 
more bit lines which pass an electrical signal from each of a (**) sensing element. Here, an 
interval part which passes a detected object is provided between a diaphragm part and an array 
isolation region. It means [ "detects a state in a microporosity field" from the below-mentioned 
explanation so that he can understand ] measuring the amounts of chemical features, such as 
measurement of physical feature amounts, such as light generated in a microporosity field, and 
temperature, and PH of a solution in a microporosity field. As an array, an area array (two 
dimensional array) which has arranged a pixel in the shape of an X-Y matrix, or an linear array 
(one dimensional array) is also available. As a "substrate", a semiconductor substrate and an 
insulating substrate are employable. As an insulating substrate, an alumina (aluminum 2 0 3 ) board, 
an alumimium nitride (AIN) board, etc. besides an oxide film (Si0 2 ) board, i.e., a glass substrate, 
are employable. On the other hand, a SOI substrate is also contained in a semiconductor 
substrate. For example, it becomes the structure which formed an array of a microporosity field 
on a semiconductor substrate, and formed a sensing element (sensor) for carrying out sensing 
of the state in each microporosity field in the upper part. Of course, it is preferred that 
amplification or an electronic circuit part for carrying out a transfer output is integrated in one 
on the same semiconductor substrate in a signal which carried out sensing of the state of each 
microporosity field. 

[0008]Generally, ecology of a microorganism is complicated and environment to increase is 
various. However, about a size, it has the feature peculiar to a microorganism. For example, they 
are Cryptosporidium (pathogenic protozoa) -Smicrometer, Escherichia coli -3micrometer, 
Staphylococcus -1 micrometer, and virus -0.1 micrometer. According to the feature of this 
invention, it is possible to derive forming a spatial filter which has a specific opening size on the 
surface of a semiconductor substrate by a semiconductor process, forming a microporosity 
field in the bottom of it, and sorting out a microorganism by using as a filter an interval part 
which passes a detected object. 

[0009]In the feature of this invention, it is preferred that a luminescent substrate and 
photogenic ferment which react to adenosine triphosphate (ATP) of a microorganism into a 
microporosity field arrange. If a luminescent substrate and photogenic ferment arrange 
beforehand and an enzyme or a culture ingredient is supplied in a microporosity field, it will 
increase there and a derived microorganism will induce luminescence (bio-luminescence) or a 
rise in heat (growth thermogram). What is necessary is just to measure these by a sensing 
element. A sensing element has a pn junction diode (photo-diode) which detects luminescence, 
or a preferred pn junction diode which detects a rise in heat with an I/V characteristic 
abnormal-conditions type. Or ion detection FET which detects PH may be sufficient. Thus, if it 
sets, it will become possible to make it correspond to a kind of microorganism and to visualize 
existing density of a microorganism with matrix expression etc. in real time, identifying a kind of 
microorganism which exists in the air or underwater. 

[0010]In the feature of this invention, it is preferred to provide further heater wiring for 
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controlling temperature in a microporosity field where a sensing element which ran 
corresponding to two or more bit lines, respectively, and was connected to a bit line has been 
arranged, respectively. By controlling temperature of a microporosity field by heater wiring, it is 
possible to sort out a microorganism. 

[001 1]The upper part of an interval part is connected to a wrap fringe part and each crowning of 
a diaphragm part in a pars basilaris ossis occipitalis, and it may be made to provide further a cap 
layer which consists of a supporter which supports a fringe part in the feature of this invention, 
A supporter of this cap layer comprises a skirt part which connects a center section where a 
pars basilaris ossis occipitalis was connected to each crowning of a diaphragm part, and a fringe 
part and a center section. Since a center section of the cap layer constitutes a bottom of a 
crevice surrounded by skirt part, it is also possible by arranging the quality of a culture of a 
microorganism in this center section to measure growth thermogram. If a hole of a 
predetermined caliber is provided in a fringe part, this hole can be used as a filter into which 
size of a suspended particle is classified. And if an upper electrode provided in a pars basilaris 
ossis occipitalis of a fringe part and a lower electrode which countered this upper electrode and 
was provided in a crowning of an array isolation region are provided further, voltage impressed 
to an upper electrode and a lower electrode will enable it to control an interval of a fringe part 
and a crowning of an array isolation region. 
[0012] 

[Embodiment of the Invention] Next, with reference to drawings, the 1st thru/or a 4th 
embodiment of this invention is described. In the statement of the following drawings, identical 
or similar numerals are given to the identical or similar portion. However, a drawing is typical and 
it should care about that the ratio of the relation between thickness and a plane size and the 
thickness of each class differs from an actual thing. Therefore, concrete thickness and size 
should be judged in consideration of the following explanation. Of course, the portion from which 
the relation and ratio of a mutual size differ also in between drawings is contained. 
[0013](A 1st embodiment) As shown in drawing 1 , the sensor array concerning a 1st 

embodiment of this invention Two or more bit line B M , B jf B j+1 Two or more of these bit line 

B M , B;, B i+1 , Two or more word line Wp, which is boiled, and it receives and carries out the 

distraction perpendicularly, Wj, W j+1 , Two-dimensional arrangement of microporosity field C jwhicn 

constitutes a pixel (pixel) inside the lattice constituted by , respectively, Qj, i, Qj, Qj+1, M, Qj+1, j, Qj+1, ^nd is Carried OUt. 

Microporosity field C j>M , C jiit C jil+1i C j+1fM( C j+1tii C j+lJ+l , Inside , reactant X jiM ,X j>ii X jii+1> X j+lJ _ 1i X j+1ii 

X j+1 and are arranged according to the microorganism used as the candidate for detection. 

Each end of two or more bit line B M , B;, B i+1 , and .....is connected to the power supply V0. Each 

other end of two or more bit line B M , B jf B i+1 , and is connected to the 1st main electrode 

(drain electrode) of level switch transistor Q M , Q jf Q i+1 , and .....Each control electrode (gate 

electrode) of level switch transistor Q M , Q if Q i+1 , and is connected to the horizontal shift 

register 102. The 2nd main electrode (source electrode) of level switch transistor Q M , Q jf Q i+1 , 

and is connected to the horizontal signal line 104. Two or more word line W^, W jf and W j+1 

and are connected to the vertical shift register 101, respectively. 

[0014]Microporosity field Cj M Cj ti Cj j+1 C j+1 M C j+1 s C j+1 Inside [ each ] , sensing element (pn 

junction diode) D } M Dj ; D } J+1 D j+1 M D j+1 ; D j+1 and are arranged. Pn junction diode D jiMi D jiit Dj 

i+1 D j+1 >M D j+1 ti D j+1 is connected to the 1st main electrode (drain electrode) of vertical 

Switching transistor Tj corresponding, respectively, i-1 , Ti. «. Ti. Tl+1. M. Tl+L i. Ti+1. '+1' Tlie 2nd ma ' n 

electrode (source electrode) of vertical switching transistor T j[belongingtothesequenc ^ 

iineBi-i 3. Ti+i , and i-i» anc l ' s connected to bit line B M . The 2nd main electrode (source electrode) 
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of vertical switching transistor T jbelon ^ T j+lii , and is connected 

to bit line B t . The 2nd main electrode (source electrode) of vertical switching transistor T jbelonging 

to the sequence (column) which alined bit line Bi+i.i+i- Ti+i.w and is connected to bit line B i+1 . word line Wj was 

adjoined — the control electrode (gate electrode) of vertical switching transistor Tj belonging to a , ine 

m» Ti.i« Ti.t+i» anc ' ' s connected to word line Wj. The control electrode (gate electrode) of 

vertical switching transistor T j+1 be i onging to tne nne whjch adjoined word line wj+lm* Ti+i.i» Tj+i.h-i» anc ' ' s 

connected to word line W j+1 . 

[0015]It is parallel to bit line B M , B if B l+1 , and , and line width delta M , delta;, and delta i+1 , vertical 

heater-wires V M of , V t , V i+1 , and are running. The ends of vertical heater-wires V MP . V„ V i+1 , 

and gather to the level heater wires Vt, and are connected to the power supply 1 03 for 

heaters. The other ends of vertical heater-wires V M , V if V j+1 , and .....gather to the level heater 

wires Vb, and are grounded. Each line width of vertical heater-wires V M , Vj, V i+1 , and ..... 

>delta i . 1 >delta i >delta j+l > (1 ) 

what is done — vertical heater-wires V M , V jt V j+1 , and — each resistance of - < — r M <rj<r i+1 — 

< , (2) 

It becomes. Therefore, calorific value P { of heater wires will be P } =(V h ) Vr, if voltage of the 
power supply 103 for heaters is made into V h (3) 

since it is come out and given — each temperature of vertical heater-wires V M , V if V j+1 , and 

>T M >T i >T l+1 > (4) 

It becomes. 

[0016] Drawing 2 is a plan (top view) of a pixel which has microporosity field C jandj . The pixel of 
the sensor array concerning a 1st embodiment of this invention is provided with the following. 
The diaphragm part 1 arranged so that the upper part of microporosity field C jancn may be 
covered. 

The array isolation region 3 surrounding this diaphragm part 1. 

The 1st support saddle 2a, the 2nd support-saddle 2b which connect this array isolation region 
3 and diaphragm part 1. 

The interval parts 47a, 47b, 47c, and 47d which have been arranged inside the diaphragm part 1, 
respectively, adjoined microporosity field C jiD(pnjunction d[ode)jwhicn ^ diaphragm 
part 1, and were provided in each of microporosity field C jandj . 

As shown in drawing 2 , by supporting sensing element D jandj to the array isolation region 3 by 
hollow shape voice, it dissociates from the temperature of the semiconductor substrate used as 
the base of a pixel thermally, and becomes possible about the exact temperature survey by 
sensing element D jandj . Size Rj of one side of the square (interval part) of the corner part which 
the slot 47a through which microporosity field Cj of drawing 2 and , are looked into, and the slot 47c 
combine, Size Rj of one side of the square (interval part) of the corner part which the slot 47b 
and the slot 47d combine serves as an opening size of the microorganism selection filter with 
which the size was determined in consideration of the size of a detected object. 
[0017] Drawing 3 is the sectional view which met in the direction of A-A of drawing 2 , and The 
substrate (semiconductor substrate) 29, Microporosity field C t arranged as an array on thjs substra te (semiconductor 
substrate) 29, and j» The diaphragm part 1 arranged so that the upper part of this microporosity field Cj 
andj may be covered, The support saddle 2a which connects the array isolation region 3 
surrounding this diaphragm part 1, and this array isolation region 3 and diaphragm part 1, and 2b, 
The sensing element (51, 52, 53) which is arranged inside the diaphragm part 1, respectively and 
detects the state in microporosity field C iandj , The structure of the pixel which consists of an 
interval part which passes a detected object where adjoined the diaphragm part 1, it was 
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provided in each of microporosity field C iandj , and the size was determined in consideration of 
the size of a detected object is shown. It is shown that sensing element (pn junction diode) Dj 

which consists of the anode region 51, the cathode region 52, and the cathode contact fie Id 53, and i are Stored inside the diaphragm part 

1 used as the lid of microporosity field C iandj or a roof. The immobilized enzyme 41 which is 
stratified reactant X jandi is arranged at the pars basilaris ossis occipitalis inside microporosity 
field C jandi . Reactant X jandl are chosen according to the microorganism used as the candidate for 
detection. Microporosity field C landj are constituted as a crevice which removed selectively 
some base insulator layers 31 arranged on the surface of the p type semiconductor substrate 
(silicon substrate) 29. Drawing 3 shows the case where the anode region 51 of pn junction diode 
D jand i , the cathode region 52, and the cathode contact field 53 comprise polysilicon ("doped 
polysilicon" is told to below.) which doped the impurity, respectively. If a SOI substrate etc. are 
used so that it may mention later, it is possible to constitute sensing element (pn junction 
diode) D j andi from a single crystal semiconductor layer (single crystal silicon layer) instead of 
doped polysilicon. Although vertical switching transistor T jandj (71, 72, 73) are arranged near the 
surface inside the p type semiconductor substrate (silicon substrate) 29 in the example shown 
i R drawing 3 , it is also possible to constitute on the same level level as sensing element D jandj . 
[001 8]Namely, vertical switching transistor T jandi , The gate oxide of the surface of the p type 
semiconductor substrate 29 between the n type source region 71 arranged near the surface 
inside the p type semiconductor substrate (silicon substrate) 29, the n type drain regions 72, 
and these n type source regions 71 and n type drain regions 72, It comprises the polysilicon 
gate electrode 73 on gate oxide. The polysilicon gate electrode 73 of this vertical switching 
transistor T jand j is functioning as word line Wj simultaneously. Therefore, to the adjoining pixel, 
vertical switching transistor T j _ 1 jf T j+1 jf word line that is the polysilicon gate electrodes of ...... 

W j+1 , and are running similarly. 

[0019]And the base insulator layer 31 which functions on the upper part of this vertical 
switching transistor ti , T j { , T j+i;i? and .....as an interlayer insulation film is arranged. As 
mentioned above, a part of this base insulator layer 31 is removed selectively, and that removed 
space constitutes microporosity field C; concerning a 1st embod iment of this invention, and j- two or more 1 st layer 
[ insulator layer / 31 / which is located in the side-attachment-wall side of microporosity field 

^andj / base ] contact plugs 59c and 59d and (connected conductors) — 59c, 59 d, and are 

embedded so that the base insulator layer 31 may be penetrated. Two or more 1 st layer contact 

plugs 59c and 59d and are the connected conductors embedded at the base insulator layer 31 

connected to other transistors which constitute the n type source region 71, the n type drain 
region 72, or peripheral circuit which constitutes vertical switching transistor T jandi . 
[0020]The embedded insulator layer 32 is arranged as the lid or roof of microporosity field C jand 
j in the upper part of microporosity field C landj . On the sectional view of drawing 3 , the embedded 
insulator layer 32 is shown as if it was divided into the central diaphragm part 1 , the 
support-saddle part 2a of the both sides of the diaphragm part 1, 2b, the support-saddle part 2a, 
and the array isolation region 3 of the both sides of 2b. However, as a plane pattern, the 
diaphragm part 1, the support-saddle part 2a f 2b, and the array isolation region 3 are continuous 
fields of one so that clearly [ drawing 2 ]. A slot is established in the embedded insulator layer 
32, and the polycrystalline semiconductor layer (p + type doped polysilicon) 33 is embedded to 
the inside of this slot. The p + type doped polysilicon embedded to the inside of the embedded 
insulator layer 32 of the central diaphragm part 1, It is the anode region 51 of sensing element 
(pn junction diode) D jandi , and the cathode region 52 which consists of n type doped polysilicon 
is selectively arranged on the surface of the anode region 51, and constitutes pn junction. The 
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cathode contact field 53 which furthermore consists of n + type doped polysilicon is selectively 
arranged on the surface of the cathode region 52, and constitutes pn junction diode D jandi from 
the anode region 51, the cathode region 52, and the cathode contact field 53. Inside, two or 

more 2nd layer contact plugs 60c and 60d and (connected conductors) penetrate the 

embedded insulator layer 32 to the inside of the embedded insulator layer 32 of the array 

isolation region 3, and are embedded. The 2nd layer contact plugs 60c and 60d and are 

electrically connected to the n type source region 71 and the n type drain region 72 grade via 
the 1st layer contact plugs 59c and 59d and , respectively. 

[0021]The 1st interlayer insulation film 34 is arranged in the upper part of the embedded 
insulator layer 32 which it was inserted into the cathode contact field 53, the cathode region 52, 
the p + type doped polysilicon 33, and these, and was exposed. On the 1st interlayer insulation 

film 34, the 1st metallic wiring layer 62a, 62b, , 62f is arranged. The 1st metallic wiring layer 

62c and the cathode contact field 53 are connected by the 3rd layer contact plug 61a which 
penetrates the 1st interlayer insulation film 34. 62 d of the 1st metallic wiring layer and the 
anode region 51 are connected by the 3rd layer contact plug 61b which penetrates the 1st 
interlayer insulation film 34. Make the anode region 51 into the p type doped polysilicon field of 
comparatively low impurity density, and the 3rd layer contact plug 61b, It may be made to 
connect via the anode contact field which consists of p + type doped polysilicon of comparatively 
high impurity density selectively formed in a part of anode region 51. 62 f of the 1st metallic 
wiring layer and the n type drain region 72 of vertical switching transistor T jandi are electrically 
connected via the 3rd more layer contact plug 61d, the 2nd layer contact plug 60d, and the 1st 
layer contact plug 559d. Although the 1st metallic wiring layer 62c, 62e, and 62f is shown like 
the independent wiring on the sectional view of drawing 3 , on a plane pattern, the 1st metallic 
wiring layer 62c, 62e, and 62f is one continuous electric wiring. Therefore, via the 1st metallic 
wiring layer 62c, 62e, and 62f, the 3rd layer contact plug 61d, the 2nd layer contact plug 60d, 
and the 1st layer contact plug 59d, The cathode contact field 53 of pn junction diode D jand j and 
the n type drain region 72 of vertical switching transistor Tj and ; are electrically connected (refer 
to the equivalent circuit of drawing 1 .). 

[0022]The 2nd interlayer insulation film 35 is arranged in the metallic wiring layer [1st /a / 62 

/,b / 62 /, , 62f ] upper part. The 2nd metallic wiring layer 63 is arranged on the 2nd interlayer 

insulation film 35. In drawing 3 , it is drawn as the 2nd metallic wiring layer 63 is running 
perpendicularly at space, but it becomes space and a pattern of parallel bit line B; in practice. 
Namely, bit line B; is running in the direction which intersects perpendicularly with the 
polysilicon gate electrode 73 (word line Wj). To the inside of the 2nd interlayer insulation film 35, 
the 4th layer contact plug 64c which penetrates the 2nd interlayer insulation film 35 is 
embedded (graphic display abbreviation). The 4th layer contact plug 64c is connected to the 
crowning of the 3rd layer contact plug 61c. Therefore, the 2nd metallic wiring layer 63 (bit line 
Bj), It is electrically connected to the n type source region 71 of vertical switching transistor Tj 
andi via the 4th layer contact plug 64c, the 3rd layer contact plug 61c, the 2nd layer contact plug 
60c, and the 1st layer contact plug 59c. Although the graphic display is omitted, bit line B M , B j+1 , 

and are running by being formed of the 2nd metallic wiring layer also to the acljoining pixel. Bit 

line B M , B } , B i+1 , ...It is parallel and Line width delta M , delta [f delta i+1 , Although vertical 

heater-wires V M , V if V i+1 , and are running as the 2nd metallic wiring layer of , it has not 

appeared in the sectional view of drawing 3 (it is running this side of space, and the back in 

parallel with space.). You may run heater-wires V M , V j( V i+1 , and in parallel with space using 

wiring of the 1st metallic wiring layer 62a-62f and an identical level. And the passivation film 36 
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is arranged in the upper part of the 2nd metallic wiring layer 63. 

[0023]The embedded insulator layer 32 of the upper part of microporosity field C iandj , sensing 
element (pn junction diode) Dj §i (51, 52, 53), The diaphragm part 1 consists of the 1st interlayer 
insulation film 34, the 1st metallic wiring layer (62c, 62d), the 2nd interlayer insulation film 35, 
and the passivation film 36. What is necessary is just to select the calorific capacity C of the 
diaphragm part 1 to a C= 0.01 -0.1 micro J/K grade, for example. And this diaphragm part 1 is 
being fixed to the array isolation region 3 by the support saddles 62a and 62b of hollow shape 
voice. Enzymes, such as luciferin luciferase, are arranged as reactant X iandj with the gestalt of 
the immobilized enzyme 41 wrapped in by the polymer material at the pars basilaris ossis 
occipitalis of microporosity field C iand j . 

[0024]Generally a microorganism has a peculiar size corresponding to the kind. For example, as 
for -5micrometer and Escherichia coli, -1 micrometer and the virus of -3micrometer and 
Staphylococcus are [ Cryptosporidium (pathogenic protozoa) ] -0.1 micrometers. Therefore, if 
the spatial filter which has specific opening size Rj is provided in the surface of the 
semiconductor substrate 29 as shown in drawing 2 , while this spatial filter sorts out the size of 
a microorganism, it can derive to microporosity field C iunderjt andj . Since reactant X iofthoimmobjHzed 

enzyme (or culture ingredient) 41 grade corresponding to a specific microorganism and j 3re beforehand arranged aS ShOWn in 

drawing 3 in microporosity field C jandj , increasing the derived microorganism by reactant X iandj — 
luminescence (bio-luminescence) — or a rise in heat (growth thermogram) is carried out. 
[0025]For example, it explains by the case where luciferin luciferase (a luminescent substrate 
and photogenic ferment) is being fixed, as reactant X, andj . In this case, a detection object will be 
alpha+beta=>hnu if ATP (adenosine triphosphate) and hnu with which it is a microorganism in 
the air, and luciferin luciferase (a luminescent substrate and photogenic ferment) takes out 
alpha, and a microorganism takes out beta are considered as visible luminescence (5) 

Pn junction diode Dj current | y formed near the bottom surface of a diaphragm in the luminescence hnu of ********, M, Pj j D jf |+1 D j+1 M 

Dj +U D j+1 ..... is operated as a photo-diode (photosensor) and luminescence hnu is changed into 
current by pn junction diode D jiM( D jii( Dj (i+1( D j+liM D j+1tii D j+1J+1f and .. .The random access of this 
current (electrical signal) is carried out with the vertical shift register 101 and the horizontal 
shift register 102, and it can be read to the horizontal signal line 104 via level switch transistor 
Q M shown in drawing 1 , Qj, Q i+1 , and 

[0026]For example, if opening size Rj is set as 5 micrometers, the air bacilli (fusarenon-X 
contagion, IMOCHI contagion, pneumococci, Staphylococcus, etc.) below the size are 
detectable. By carrying out random access with the vertical shift register 101 and the 
horizontal shift register 102 which are shown in drawing 1 , the current signal from each pixel cell 
is the same method as the usual CMOS image sensor, and can perform imaging. By performing 
imaging, it can be judged with what mind semi-gross density an air bacillus exists. That is, it is 
quantitatively measurable in the probable phenomenon in which an air bacillus enters in a 
microporosity field. 

[0027]Various sizes not only exist, but especially an air bacillus has temperature dependence in 
the optimal environment for increasing. Therefore, microporosity field C 11t C 12 which constitute 

a pixel (pixel) as shown in drawing 4 (b), C 21 Measurement temperature T, of C MN , T 2> T 3 , T N , 

opening size R 1f R 2 , R 3 , If R M is combined with matrix form, an air bacillus Measurement 

temperature T 1? T 2 , T 3 , It is possible to carry out simultaneous measurement and to carry out 

two-dimensional imaging of the classification, classifying according to , T N , and opening size R 1f 

R 2? R 3 , and R M . 

[0028]Classifying an air bacillus into four kinds, simultaneous measurement is carried out and 
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drawing 4 (a) shows the example which carried out two-dimensional imaging, in drawing 4 (a) — 
the field A — a size — 1 micrometer or less — ATP discharge type bacteria and the field B — 
a size — 5 micrometers or less — ATP discharge type bacteria and the field C — a size is 
carried out at 1 micrometer or less, and, in synthetic culture medium S vegetative form bacteria 
and the field D, a classification indication of the size is given as synthetic culture medium S 
vegetative form bacteria at 5 micrometers or less. In the field A and the field B, the photogenic 
ferment R or the luminescent substrate R is arranged as reactant X iandj . To the field A and the 
field B, pn junction diode jandj are operated as a photosensor for bio-luminescence measurement, 
To the field C and the field D, pn junction diode D jandi are operated as a temperature sensor (IV 
characteristic abnormal-conditions type diode) for growth thermogram measurement. 
[0029]Since the metabolism heat of a typical microorganism is 10pJ per piece, if 1000 
microorganisms are propagating, the generating energy S will be set to S= 0.01 microJ. When this 
is observed on the diaphragm of calorific capacity J/K of C= 0.1 micro, temperature-change 
deltaT is deltaT=S/C=0.1 K. .... (6) 

Since it becomes a value of a grade, it is detectable temperature-change deltaT easily in pn 
junction diode D jandi . 

[0030]As mentioned above, it becomes possible to visualize the existing density classified into 
real time according to the size of the microorganism as a two-dimensional picture, identifying 
conventionally the kind of microorganism which exists in [ difficult / air or underwater ] by the 
sensor array concerning a 1st embodiment of this invention. The activity of a microorganism 
and the temporal response of a vegetative state are image-ized on a two-dimensional picture, 
and it becomes measurable. 

[0031]Paying attention to the pixel of microporosity field C jandj , the manufacturing method of 
the sensor array concerning a 1st embodiment of this invention is explained using drawing 5 - 
drawing 7 . The manufacturing method of the sensor array described below is an example, and it 
is needless to say for it to be able to realize with various manufacturing methods other than this 
including this modification. 

[0032](**) Prepare first the p type silicon wafer which makes the field (100) about 
0.1-3-ohmcm a main table side as the semiconductor substrate 29. The peripheral circuit of 
sensor arrays, such as a shift register and a sense amplifier, is formed in the main table side of 
this semiconductor substrate 29. This should just be based on the manufacturing method of the 
usual standard MOS IC. Although omitted for details, after forming a field required for standard 
MOS ICs, such as a reversal prevention layer (channel stopping area) and an isolation region, 
the surface of the semiconductor substrate 29 is oxidized thermally and the 50 nm - 100 
nm-thick gate oxide 42 is formed. Under the present circumstances, a V th control ion 
implantation may be added. Next, 300 nm - about 600 nm of polysilicon films [ 400 nm of ] 43 are 
deposited with a CVD method the whole surface on the gate oxide 42, for example. Next, spin 
spreading of the photoresist film ("photoresist" is only told to below.) 201 is carried out on the 
surface of the polysilicon film 43. And with photolithography technology, as shown in drawing 5 
(a), the photoresist 201 is patterned. And the polysilicon film 43 is etched by reactive ion 
etching (RIE) etc. by using this photoresist 201 as a mask, and the gate electrode 73 and 
polysilicon wiring (not shown) are formed. Then, the photoresist 201 is removed and spin 
spreading of the new photoresist is carried out on the surface of the gate electrode 73. And 
next, using photolithography technology, the opening for ion implantations is formed in a MOS 
transistor formation region, and the polysilicon gate electrode 73 is exposed. And the ion 
implantation of the arsenic ion ( 75 As + ) is carried out to the order of dose 10 15 cm~ 2 in self align by 
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using the exposed polysilicon gate electrode 73 and new photoresist as a mask. At this time, the 
ion implantation of the arsenic ( 75 As + ) is carried out also to the polysilicon gate electrode 73. 
After removing new photoresist, the semiconductor substrate 29 is heat-treated, The 
poured-in impurity ion is activated and diffused, as shown in drawing 5 (b), the n type source 
region 71 and the n type drain region 72 are formed in the semiconductor substrate 29, and as 
a result, vertical switching transistor T jancn are formed. The polysilicon gate electrode 73 of 
vertical switching transistor T jandi functions as word line Wj. Therefore, to the actjoining pixel, 
vertical switching transistor T jH>} , T j+1i , word line W jH that is the polysilicon gate electrodes of ...... 

W j+1 , and are running similarly. 

[0033](**) Next, as shown in drawing 5 (b), deposit on about 1 micrometer in thickness the base 
insulator layer 31 which functions as an interlayer insulation film to the MOS IC of vertical 

switching transistor T^ Uf T j(i , T j+1 |f , or a peripheral circuit. This base insulator layer 31 is the 

bipolar membrane which comprised two-layer structure of the oxide film of about 0.5 
micrometer of thickness deposited with the CVD method, the PSG film of about 0.5 micrometer 
of thickness on this oxide film, or a BPSG film. A reflow of the BPSG film of the upper layer of 
this bipolar membrane is carried out, and flattening of the surface of the base insulator layer 31 
is carried out. 

[0034](**) Next, carry out spin spreading of the photoresist on the base insulator layer 31. And 
photoresist is patterned with photolithography technology. The opening of the contact hole to 
the n type source region 71 and the n type drain region 72 which does not etch and illustrate 
the base insulator layer 31 by RIE by using this patterned photoresist as a mask is carried out. 
The photoresist used for the contact hole opening is removed, and spin spreading of the new 
photoresist is carried out on the base insulator layer 31. And new photoresist is patterned with 
photolithography technology. The base insulator layer 31 is etched by isotropic etching by using 
this patterned new photoresist as a mask, and microporosity field C iandj are formed. The about 
100-nm base insulator layer 31 is made to remain at the pars basilaris ossis occipitalis of 
microporosity field C iandj . And the 1.2-1.5-micrometer-thick cavernous material (polysilicon) 44 
is deposited using a CVD method so that contact hole and microporosity field C landj may be 
buried. When depositing the polysilicon 44 using a CVD method, simultaneously with the mono 
silane (SiH 4 ) of source gas, the diborane (B 2 H 6 ) diluted with hydrogen gas is added, controlling by 
a massflow controller, and the p + type doped polysilicon 44 is deposited. Or it is good as for p + 
type doped polysilicon 44 to diffuse p type impurities, such as boron (B), after depositing the 
non-doped polysilicon 44 by an ion implantation or gaseous phase diffusion (it is a position at 
pre). And using chemical mechanical polishing (CMP), flattening is carried out until the base 
insulator layer 31 exposes the surface of the cavernous material (p + type doped polysilicon) 44, 
and the cavernous material (p + type doped polysilicon) 44 is embedded to the inside of contact 
hole and microporosity field C, andj . The p + type doped polysilicon 44 with which the inside of a 
contact hole was buried and loaded functions as the 1st layer contact plugs (connected 

conductors) 59c and 59d and to the n type source region 71 and the n type drain region 72. 

Then, as shown in drawing 5 (c), the embedded insulator layer 32 is deposited on about 1 
micrometer in thickness. What is necessary is just to deposit an oxide film with a CVD method 
as this embedded insulator layer 32. 

[0035](**) Next, on this embedded insulator layer 32, carry out spin spreading of the 
photoresist and pattern photoresist with photolithography technology. The embedded insulator 
layer 32 is etched by RIE by using this patterned photoresist as a mask, and the opening of the 
1st layer contact plugs 59c and 59d and the 1st layer viahole (graphic display abbreviation) 
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connected to , respectively is carried out. The photoresist used for the opening of the 1 st 

layer viahole is removed, and spin spreading of the new photoresist 202 is carried out on the 
embedded insulator layer 32. And the photoresist 202 is patterned with photolithography 
technology. The embedded insulator layer 32 is etched by RIE by using this patterned 

photoresist 202 as a mask, and as shown in drawing 5 (d), the slots 45a, 45b, , 45f are formed 

to the embedded insulator layer 32. The about 100-nm embedded insulator layer 32 is made to 

remain at each slots [ 45a, 45b, , 45f ] pars basilaris ossis occipitalis. 

[0036](**) And deposit the 1.0-1.5-micrometer-thick polycrystalline semiconductor layer 
(polysilicon) 33 using a CVD method so that the 1st layer viahole (graphic display abbreviation) 

linked to the slots 45a, 45b, , 45f, the n type source region 71, and the n type drain region 72 

may be buried. When depositing the polysilicon 33 using a CVD method, like the 
above-mentioned simultaneously with SiH 4 . It is good as for p + type doped polysilicon 33 to add 
B 2 H 6 , deposit the p + type doped polysilicon 33 in INSHITSU (inch-situ), and diffuse a p type 
impurity after depositing the non-doped polysilicon 33. Carry out flattening until the embedded 
insulator layer 32 exposes the surface of the p + type doped polysilicon 33, as shown in drawing 
6(e) using CMP, and the p + type doped polysilicon 33 The slots 45a and 45b, It embeds to each 

inside of the 1st layer viahole which omitted , 45f, and a graphic display. The p + type doped 

polysilicon 33 with which the inside of the 1st layer viahole was buried and loaded functions as 
the 2nd layer contact plugs 60c and 60d to the n type source region 71 and the n type drain 
region 72. 

[0037j(**) Next, carry out spin spreading of the photoresist 203 on this p + type doped 
polysilicon 33. And with photolithography technology, the photoresist 203 is patterned, and by 
using patterned photoresist 203 as a mask, as shown in drawing 6 (f), the ion implantation of the 
n type impurity ion, such as phosphorous ion ( 31 P + ), is carried out. A dose selects the p + type 
doped polysilicon 33 in the quantity in which type reversal is possible. After removing the 
photoresist 203, it heat-treats, n type impurity ion is activated, and the cathode region 52 is 
selectively formed in the surface of the p + type doped polysilicon 33. And on the cathode region 
52 and the p + type doped polysilicon 33, spin spreading of the new photoresist 204 is carried out, 
and the photoresist 204 is patterned with photolithography technology. By using patterned 
photoresist 204 as a mask, as shown in drawing 6 (g) t the ion implantation of the n type impurity 
ion, such as arsenic ion ( 75 As + ), is carried out with the dose about 2x10 15 cm" 2 . After removing 
the photoresist 204, it heat-treats, n type impurity ion is activated, and the cathode contact 
field 53 is selectively formed in the surface of the cathode region 52. Pn junction diode D jandl 
consist of the anode region 51, the cathode region 52, and the cathode contact field 53. 
[0038](**) Deposit the 1st 0.3 micrometer - 0.8 micrometer-thick interlayer insulation film 34 
on the upper part of the embedded insulator layer 32 which it was inserted into the cathode 
contact field 53, the cathode region 52, the p* type doped polysilicon 33, and these, and was 
exposed with a CVD method. An oxide film (NSG film), a PSG film, a BPSG film, or the bipolar 
membrane that comprised combination more than two-layer [ of these ] may be sufficient as 
this 1st interlayer insulation film 34. On this 1st interlayer insulation film 34, spin spreading of 
the photoresist 205 is carried out, and the photoresist 205 is patterned with photolithography 
technology. As the 1st interlayer insulation film 34 is etched by RIE by using this patterned 
photoresist 205 as a mask and it is shown in drawing 6 (h), The opening of the contact holes 46a 
and 46b and the 2nd layer viaholes 46c and 46d connected to the 2nd layer contact plugs 60c 
and 60d is carried out. The conducting film for plugs is deposited on the 1st interlayer insulation 
film 34 after removing the photoresist 205. And using CMP, flattening is carried out until the 1st 
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interlayer insulation film 34 exposes the surface of the conducting film for plugs, and the 3rd 

layer contact plugs 61a, 61b, 61c, and 61 d and are embedded to a contact holes [ 46a, 46b, 

46c, and 46d ] inside. The 3rd layer contact plugs 61c and 61 d, It is embedded to the inside of 
the 2nd layer viahole which is not illustrated, respectively, and is electrically connected to the n 
type source region 71 and the drain area 72 of vertical switching transistor T jand} via the 2nd 
layer contact plugs 60c and 60d and the 1st layer contact plugs 59c and 59d. The 3rd layer 

contact plugs 61a, 61b, 61c, and 61 d, What is necessary is just to deposit refractory metals, 

such as tungsten (W), titanium (Ti), and molybdenum (Mo), these silicide (WSi 2 , TiSi 2 , MoSi 2 ), etc. 
in a CVD method, a vacuum deposition method, sputtering process, etc. as a conducting film for 
plugs of business. Or the polycide using these silicide may be deposited and formed with a CVD 
method. 

[0039](**) Next, deposit the 1st 0.3 micrometer - 1 micrometer-thick layer metal film 62 in a 
CVD method, a vacuum deposition method, sputtering process, etc. on the 3rd layer contact 

plugs 61a, 61b, 61c, and 61 d, , the 1st interlayer insulation film 34. As the 1st layer metal film 

62* it is usable in other aluminum (aluminum) of refractory metals, such as W, Ti, and Mo, etc. On 
this 1st layer metal film 62, spin spreading of the photoresist 206 is carried out, and with 
photolithography technology, the photoresist 206 is patterned, as shown at drawing 6 (i). 
[0040](**) Etch the 1st layer metal film 62 by RIE by using this patterned photoresist 206 as a 

mask, and pattern the 1st metallic wiring layer 62a, 62b, , 62f. Although the 1st metallic wiring 

layer 62c, 62e, and 62f is shown like the independent wiring on the sectional view of drawing 7 G), 
on a plane pattern, the 1st metallic wiring layer 62c, 62e, and 62f is one continuous electric 
wiring. By the 1st metallic wiring layer 62c, 62e, and 62f, the cathode contact field 53 of pn 
junction diode D jand i and the n type drain region 72 of vertical switching transistor T j andj , It is 
electrically connected via the 3rd layer contact plug 61 d, the 2nd layer contact plug 60d, and 
the 1st layer contact plug 59d. And the 2nd 0.8 micrometer - 1.5 micrometers-thick interlayer 
insulation film 35 is deposited on the metallic wiring layer [ 1st /a / 62 /,b / 62 /, ...... 62f ] upper 

part with a CVD method, as shown in drawing 7 G). An NSG film, a PSG film, a BPSG film, or the 
bipolar membrane that comprised combination more than two-layer [ of these ] may be 
sufficient as this 2nd interlayer insulation film 35. On this 2nd interlayer insulation film 35, spin 
spreading of the photoresist is carried out and photoresist is patterned with photolithography 
technology. The 2nd interlayer insulation film 35 is etched by RIE by using this patterned 
photoresist as a mask, and the opening of the 3rd layer viahole (graphic display abbreviation) 
connected to the 3rd layer contact plug 61c is carried out. The opening of the 3rd layer viahole 
is carried out so that the crowning of the 3rd layer contact plug 61c may be exposed. 
Refractory metals, such as W, Ti, and Mo, are deposited as a conducting film for the 4th layer 
contact plugs 64c after removing photoresist. And using CMP, as shown in drawing 7 GX 
flattening of the surface of the 2nd interlayer insulation film 35 is carried out, and the 4th layer 
contact plug 64c is embedded at the 3rd layer viahole. 

[0041](**) Next, deposit the 2nd 0.3 micrometer - 1 micrometer-thick layer metal film in a 
vacuum deposition method, sputtering process, etc. on the 2nd interlayer insulation film 35. As 
the 2nd layer metal film, it is usable in aluminum or an aluminum alloy (aluminum-Si, 
aluminum-Cu-Si). On this 2nd layer metal film, spin spreading of the photoresist is carried out 
and it patterns with photolithography technology. The 2nd layer metal film is etched by RIE by 
using this patterned photoresist as a mask, and the 2nd metallic wiring layer 63 is patterned. In 
drawing 7 (k), it is drawn as the 2nd metallic wiring layer 63 is running perpendicularly at space, 
but it becomes space and a pattern of parallel bit line B; in practice. Namely, bit line Bj is running 
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in the direction which intersects perpendicularly with the polysilicon gate electrode 73 (word 
line Wj). The 2nd metallic wiring layer 63 (bit line B;) and via the 4th layer contact plug 64c, the 
3rd layer contact plug 61 c, the 2nd layer contact plug 60c, and the 1 st layer contact plug 59c, It 
is electrically connected to the n type source region 71 of vertical switching transistor T jandl . 

Although the graphic display is omitted, bit line B Mf B i+ll and are formed also in the adjoining 

pixel of the 2nd metallic wiring layer. Although it has not appeared in the sectional view of 

drawing 3 , bit line B Mf B jf B l+1 , It is parallel in and vertical heater-wires V M , V jf V j+1 , and are 

patterned as the 2nd metallic wiring layer at the same process as bit line B M , Bj, B j+1 , 

and ...Vertical heater-wires V M , V jf V i+1 , and are running this side of space, and the back in 

parallel with space. And the 0.8 micrometer - 1.5 micrometers-thick passivation film 36 is 
deposited on the upper part of the 2nd metallic wiring layer 63 with a CVD method, as shown in 
drawing 7 (k). As this passivation film 36, it is usable in a silicon nitride film (Si 3 N 4 film). And 
using CMP, as shown in drawing 7 (k), flattening of the surface of the passivation film 36 is 
carried out. 

[0042](**) On this passivation film 36, carry out spin spreading of the photoresist 207, and 
pattern the photoresist 207 with photolithography technology. The passivation film 36, the 2nd 
interlayer insulation film 35, the 1st interlayer insulation film 34, and the embedding insulator 
layer 32 are etched by RIE by using this patterned photoresist 207 as a mask, and as shown in 
drawing 7 (I), the opening of the slots 47a, 47b, 47c, and 47d is carried out. And if silicon etching 
liquid removes the cavernous material (p + type doped polysilicon) 44 exposed to the these slots 
[ 47a, 47b, 47c, and 47d ] pars basilaris ossis occipitalis, microporosity field C ( 8hown ln drawing3 andj will 
be formed. 

[0043](**) Next, heat a polymer material with the network structure like agar, such as vinyl 
polymer, make it the shape of sol, and prepare the liquid which mixed enzymes, such as luciferin 
luciferase, with this. And the liquid with which this enzyme was mixed is dropped toward the 
slots 47a, 47b, 47c, and 47d from on the semiconductor substrate 29. The liquid with which the 
dropped enzyme was mixed permeates a slots [ 47a, 47b, 47c, and 47d ] inside according to 
capillarity, and is poured into microporosity field C; andj . Although the liquid with which the 
enzyme was mixed remains also in a slots [ 47a, 47b, 47c, and 47d ] gap, By scanning laser 
beams, such as helium neon (helium-Ne) laser, to the slots 47a, 47b, 47c, and 47d, The polymer 
material of a slots [ 47a, 47b, 47c, and 47d ] gap can be evaporated without affecting the 
immobilized enzyme 41 which consists of a polymer material of the pars basilaris ossis 
occipitalis of microporosity field C jandj . As a result, the sensor array concerning a 1st 
embodiment of this invention as shown in drawing 3 is completed. 

[0044] Drawing 8 is a sectional view showing the pixel of the sensor array concerning the 
modification of a 1st embodiment of this invention focusing on microporosity field C jandj . This 
sectional view is equivalent to the figure which met in the direction of A-A of drawing 2 . 
Although microporosity field C iandj comprised drawing 3 as a crevice which removed selectively 
some base insulator layers 31 arranged on the surface of the p type semiconductor substrate 
(silicon substrate) 29, In the sensor array concerning the modification of a 1st embodiment, it 
differs in that it is constituted as a crevice of the surface of p type semiconductor substrate 
(silicon substrate) 29 self. Like drawing 3 , sensing element (pn junction diode) D } which consjsts of the 

anode region 51, the cathode region 52, and the cathode contact field 53, and i USe 3 doped polySill'COn layer for the inside Of the 

diaphragm part 1 used as the lid of microporosity field C jandj , or a roof, and are constituted. 

Vertical switching transistor T jH i , Tj jf T j+1ii which are shown in drawing 1 , Although arranged 

near the surface inside the p type semiconductor substrate (silicon substrate) 29 in ** and 
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drawing 3 , it comprises a sensor array concerning the modification of a 1st embodiment using 
the doped polysilicon layer 33 of the same level level as sensing element (pn junction diode) Dj 
andi . Namely, the gate oxide of the surface of the p type doped polysilicon layer 33 between the 
n type source region 75 of the surface of the doped polysilicon layer 33, the n type drain regions 
76, and these n type source regions 75 and n type drain regions 76, It comprises the polysilicon 
gate electrode 77 on gate oxide. In drawing 3 , to the base insulator layer 31 located in the 
side-attachment-wall side of microporosity field C iandj , the 1st layer contact plugs 59c and 59d, 

Although (connected conductors) explained that it was embedded so that the base insulator 

layer 31 may be penetrated, since the 1st layer contact plugs 59c and 59d and are the 

connected conductors to the n type source region 71 and the n type drain region 72, they are 
unnecessary with the structure shown in drawing 8 . Similarly by drawing 3 , inside the embedded 
insulator layer 32 of the array isolation region 3 The 2nd layer contact plugs 60c and 

60d, Although it explained that (connected conductors) were embedded, the 2nd layer contact 

plugs 60c and 60d, Since it is electrically connected to the n type source region 71 and the n 

type drain region 72 via the 1st layer contact plugs 59c and 59d and , respectively, is 

unnecessary with the structure shown in drawing 8 . Instead, the contact plugs 61 e and 61 f are 
connected to the n type source region 75 and the n type drain region 76, respectively. The 
immobilized enzyme 41 which is stratified reactant X jandl is arranged like drawing 3 , and this 
reactant Xj and j are chosen as the pars basilaris ossis occipitalis inside microporosity field C jandi 
according to the microorganism used as the candidate for detection. Since other details are the 
same as that of a 1st embodiment fundamentally shown in drawing 3 , the duplicate explanation 
is omitted. 

[0045]As shown in drawing 8 , it can perform simply forming microporosity field C jandj in the 
surface of the semiconductor substrate 29 as follows. Namely, what is necessary is for 
anisotropy silicon etching liquid just to remove the semiconductor substrate 29 exposed to the 
these slots [ 47a 47b, 47c, and 47d ] pars basilaris ossis occipitalis, after carrying out the 
opening of the slots 47a, 47b, 47c, and 47d, as shown in drawing 7 (I). At the time of etching of 
this anisotropy silicon etching liquid, since it is covered with the embedded insulator layer which 
protects the p + type doped polysilicon 33, the p + type doped polysilicon 33 is not etched. As 
anisotropy silicon etching liquid, alkali system etching reagents, such as a potassium hydrate 
(KOH), ethylenediamine pyrocatechol solution, hydrazine solution, etc. are common knowledge. 
[0046]What is necessary is just to perform it as follows in the structure shown in drawing 8 , in 
order to form vertical switching transistor T jandl in the surface of the p + type doped polysilicon 
33. 

[0047](**) First, as shown in drawing 6 (f), carry out the ion implantation of the n type impurity 
ion for forming the cathode region 52 in the surface of the p + type doped polysilicon 33 by an ion 
implantation. It heat-treats by an oxidizing atmosphere after removing the photoresist 203 used 
as a mask of an ion implantation, and 50 nm - 100 nm-thick gate oxide is formed in the surface 
of the p + type doped polysilicon 33. By heat treatment which forms this gate oxide, the 
poured-in n type impurity ion is activated and the cathode region 52 is formed. 
[0048](**) Next, deposit about 400 nm of gate electrode materials, such as refractory metals, 
such as a polysilicon film or W film, and a Mo film, with a CVD method the whole surface on gate 
oxide. Next, spin spreading of the photoresist is carried out on the surface of a gate electrode 
material. And photoresist is patterned with photolithography technology. And a gate electrode 
material is etched by RIE etc. by using this photoresist as a mask, and the gate electrode 77 and 
the pattern of required wiring are formed with a gate electrode material. 
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[0049](**) And when patterning the new photoresist 204 for forming the cathode contact field 
53 shown in drawing 6 (g) f form the opening for vertical switching transistor T jandj in the portion 
of the gate electrode 77 simultaneously. 

[0050](**) And as shown in drawing 6 (g) by using patterned photoresist 204 as a mask, If the 
ion implantation of the n type impurity ion, such as arsenic ion ( 75 As + ), is carried out with the 
dose about 2x1 0 15 cnrf 2 , an ion implantation will be carried out also to the surface of the p + type 
doped polysilicon 33 which is sauce / drain formation schedule in self align by using the gate 
electrode 77 as a mask. Then, if it heat-treats and n type impurity ion is activated after 
removing the photoresist 204, The n type source region 75 and the n type drain region 76 are 
formed, and vertical switching transistor T jand i are formed at the same time the cathode contact 
field 53 is formed in the surface of the cathode region 52. It is the same as that of the case of 
drawing 3 t o function of the gate electrode 77 of vertical switching transistor T jandi as word line 
Wj. Therefore, to the adjoining pixel, vertical switching transistor T j _ 1 if T j+1 jf word line that is 
the gate electrodes of , W j+1 , and run similarly. 

[0051]Sensing element (pn junction diode) D j[ofthepixelof ^ ^embodiment 
shown in djrawir^ and vertical switching transistor T jandi , It is possible to 

use and constitute a p type single crystal silicon layer inside the diaphragm part 1 used as the 
lid (roof) of microporosity field C jandj . What is necessary is just to perform it as follows in the 
structure shown in drawing 8 , in order to form sensing element (pn junction diode) D j jt and 
vertical switching transistor T jandi on the surface of a p type single crystal silicon layer. 
[0052](b) First prepare the SOI substrate by which the p type single crystal silicon layer was 
formed via the embedded insulator layer 32 on the semiconductor substrate 29. And on this p 
type single crystal silicon layer, spin spreading of the photoresist is carried out and photoresist 
is patterned with photolithography technology. It etches selectively by RIE until the embedded 
insulator layer 32 exposes a p type single crystal silicon layer by using this patterned 
photoresist as a mask. By this RIE, an isolation groove is formed in a slots [ which are shown in 
drawing 7 (I) / 47a, 47b, 47c, and 47d ] position, respectively. 0.6 micrometer - 3 micrometers of 
width of this isolation groove are widely formed rather than the slots 47a, 47b, 47c, arid 47d. The 
photoresist used for etching of RIE is removed. 

[0053](**) And deposit an oxide film with a CVD method so that this isolation groove may be 
filled. Flattening is carried out until a p type single crystal silicon layer is exposed using CMP, 
and the insulator layer for p type single crystal silicon layer protection is formed. And on the p 
type single crystal silicon layer divided with this insulator layer for p type single crystal silicon 
layer protection, spin spreading of the photoresist 203 is carried out, and the photoresist 203 is 
patterned with photolithography technology. The ion implantation of the n type impurity ion for 
forming the cathode region 52 on the surface of a p type single crystal silicon layer is carried 
out like drawing 6 (f) by using this patterned photoresist 203 as a mask. It heat-treats by an 
oxidizing atmosphere after removing the photoresist 203 used as a mask of an ion implantation, 
and 50 nm - 100 nm-thick gate oxide is formed on the surface of a p type single crystal silicon 
layer. By heat treatment which forms this gate oxide, the poured-in n type impurity ion is 
activated and the cathode region 52 is formed. 

[0054](**) Next, deposit about 400 nm of gate electrode materials, such as refractory metals, 
such as a polysilicon film or W film, and a Mo film, with a CVD method the whole surface on gate 
oxide. Next, spin spreading of the photoresist is carried out on the surface of a gate electrode 
material. And photoresist is patterned with photolithography technology. And a gate electrode 
material is etched by RIE etc. by using this photoresist as a mask, and the gate electrode 77 
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(refer to drawing 8 .) and the pattern of required wiring are formed with a gate electrode material. 
[0055](**) And when patterning the new photoresist 204 for forming the cathode contact field 
53 shown in drawing 6 (g) t form the opening for vertical switching transistor T jandi in the portion 
of the gate electrode 77 simultaneously. 

[0056](**) And if the ion implantation of the n type impurity ion, such as arsenic ion ( 75 As + ), is 
carried out like drawing 6 (g) by using patterned photoresist 204 as a mask, An ion implantation 
is carried out also to the surface of the p type single crystal silicon layer which are sauce / 
drain formation schedule in self align by using the gate electrode 77 as a mask. Then, if it 
heat-treats and n type impurity ion is activated after removing the photoresist 204, The n type 
source region 75 and the n type drain region 76 are formed (refer to drawing 8 .), and vertical 
switching transistor T, and j are formed at the same time the cathode contact field 53 is formed in 
the surface of the cathode region 52. A next process omits the statement which overlapped 
with the process shown after drawing 6 (h) since it was fundamentally the same. However, it is 
as having mentioned above to remove similarly the semiconductor substrate 29 exposed to the 
these slots [ 47a 47b, 47c, and 47d ] pars basilaris ossis occipitalis with anisotropy silicon 
etching liquid, after carrying out the opening of the slots 47a, 47b, 47c, and 47d if shown in 
drawing 7 (I). At the time of etching of this anisotropy silicon etching liquid, since a p type single 
crystal silicon layer is covered with the insulator layer for p type single crystal silicon layer 
protection in the side and is having the bottom covered with the embedded insulator layer 32, it 
is not etched. 

[0057](A 2nd embodiment) Drawing 9 is a sectional view showing the pixel of the sensor array 
concerning a 2nd embodiment of this invention focusing on microporosity field C iandj . This 
sectional view is equivalent to the figure which met in the direction of A-A of drawing 2 . The pn 
junction diode which consists of the anode region 51, the cathode region 52, and the cathode 
contact field 53 comprised a 1st embodiment as sensing element D jandi inside the diaphragm 
part i used as the lid of microporosity field C iandj . However, in the pixel of the sensor array 
concerning a 2nd embodiment, it differs from a 1st embodiment instead of a pn junction diode in 
that ion detection FET (it puts below on Ion SensitiveFET: and is called "ISFET".) is used. 
ISFET(s) are sensing element D } which detects ^ ion in a 8olution and measures PH , and Since PH is measured, it is 
not necessarily required to arrange stratified reactant X jandi at the pars basilaris ossis 
occipitalis inside microporosity field C jandi unlike a 1st embodiment. 

[0058]As shown in drawing 9 , a slot is formed in the embedded insulator layer 32 located in the 
diaphragm part 1, and the embedded insulator layer 32 with a thickness [ used as the gate 
dielectric film of ISFET ] of 50 nm - about 100 nm remains at each pars basilaris ossis 
occipitalis of a slot. And the n type doped polysilicon 33 used as the channel regions of ISFET is 
embedded in this slot. It faces across the channel regions 57, the p type source region 55 and 
the p type drain region 56 are formed, and ISFETD jandi are constituted. The 1st interlayer 
insulation film 34 is arranged in the upper part of the n-type channel field 57. On the 1st 

interlayer insulation film 34, the 1st metallic wiring layer 62a, 62b, , 62f is arranged, the 3rd 

layer contact plugs 61c and 61 d in which 62 d of the 1st metallic wiring layer and the p type 

drain region 56 penetrate the 1st interlayer insulation film 34, and it is connected by 61b. the 

3rd layer contact plugs 61c and 61 d in which the 1st metallic wiring layer 62c and the p type 

source region 55 penetrate the 1st interlayer insulation film 34, and it is connected by 61a. 

The 3rd more layer contact plugs 61c and 61 d, 62 f of the 1st metallic wiring layer and the n 

type drain region 72 of vertical switching transistor T jandj are electrically connected via , the 

2nd layer contact plugs 60c and 60d, and the 1st layer contact plugs 59c and 59d, 
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and Although the 1st metallic wiring layer 62d, 62e, and 62f is shown like the independent 

wiring on the sectional view of drawing 9 , on a plane pattern, the 1st metallic wiring layer 62d, 
62e, and 62f is one continuous electric wiring. Therefore, the 1st metallic wiring layer 62d, 62e, 

and 62f f the 3rd layer contact plugs 61c and 61 d, The 2nd layer contact plugs 60c and 60d, 

The p type drain region 56 of ISFETD jandi and the n type drain region 72 of vertical switching 

transistor T jandi are electrically connected via and the 1st layer contact plugs 59c and 59d, 

and (refer to the equivalent circuit of drawing 1 .). 

[0059] As shown in drawing 9 , when negative ion gathers for the gate dielectric film 32 of ISFET, 
at the pars basilaris ossis occipitalis of the channel regions of ISFET near the gate dielectric 
film 32. Since an electron hole (hole) is accumulated, a p type channel is formed and current 
flows between the p type source region 55 of ISFET, and the p type drain region 56, PH inside 
microporosity field Cj of eaoh plxel and 4 can be measured. 

[0060]Of course, ISFET can be constituted not using the n type doped polysilicon 33 but using 
the n type single crystal semiconductor layer which constitutes SOI structure. Although 
vertical switching transistor T j andj are arranged near the surface inside the p type 
semiconductor substrate (silicon substrate) 29 in drawing 9 , If p channel MOS FET is 
constituted using the semiconductor layer (a polysilicon layer or a single crystal silicon layer) of 
the same level level as ISFETD jandl , simple [ of the process lis carried out and it is preferred. 
Like the process of CMOS, ISFETD jandi may be constituted from p channel MOS FET, and 
vertical switching transistor T jandi may consist of n channel MOS FET. It is also possible to all 
make a conductivity type into reverse and to constitute enhancement type n channel MOS FET 
for vertical switching transistor T Jt , and ISFETDj and j. Since other details are the same as that of 
a 1st embodiment fundamentally shown in drawing 3 , the duplicate explanation is omitted. 
[0061] Although a detailed process sectional view is omitted, the sensor array concerning a 2nd 
embodiment of this invention is realizable with a manufacturing method which is described 
below. The following is an example and it is needless to say for it to be able to realize with 
various manufacturing methods other than this including this modification. Since drawing 5 (c) is 
the same as that of the manufacturing method of the sensor array concerning a 1st embodiment, 
it omits the duplicate statement. Here, the embedded insulator layer 32 is explained like drawing 
5_(c) sequentially from after the process deposited on about 1 micrometer in thickness with the 
CVD method. 

[0062](**) That is, after the process shown in drawing 5 (c), on the embedded insulator layer 32 
of drawing 5 (c). carry out spin spreading of the photoresist and pattern photoresist with 
photolithography technology. The embedded insulator layer 32 is etched by RIE by using this 

patterned photoresist 202 as a mask, and the slots 45a, 45b, 45f are formed to the embedded 

insulator layer 32 like drawing 5 (d). The embedded insulator layer (50 nm - about 100 nm) 32 is 

made to remain at each slots [ 45a, 45b, 45f ] pars basilaris ossis occipitalis. 

[0063](**) And deposit the 1.0-1.5-micrometer-thick polycrystalline semiconductor layer 

(polysilicon) 33 using a CVD method so that the 1st layer viahole linked to the slots 45a, 45b, , 

45f, the n type source region 71 which is not illustrated, and the n type drain region 72 may be 
buried. When depositing the polysilicon 33 using a CVD method, like the above-mentioned 
simultaneously with SiH 4 . It is good as for n type doped polysilicon 33 to add phosphoretted 
hydrogen (PH 3 ), deposit the n type doped polysilicon 33 in INSHITSU, and diffuse a n type 
impurity after depositing the non-doped polysilicon 33. Using CMP, like drawing 6 (e), carry out 
flattening until the embedded insulator layer 32 exposes the surface of the n type doped 
polysilicon 33, and the n type doped polysilicon 33 The slots 45a and 45b, It embeds to each 
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inside of the 1st layer viahole which omitted , 45f, and a graphic display. 

[0064](**) Next, carry out spin spreading of the photoresist on the surface of the n type doped 
polysilicon 33. And with photolithography technology, pattern photoresist and this photoresist is 
used as a mask, With the dose about 2x10 15 cm" 2 , the ion implantation of the p type impurity ion, 
such as boron ion ( 11 B + ), is carried out also to the surface of the n type doped polysilicon 33 of 
sauce / drain formation scheduled region. Then, if it heat-treats and p type impurity ion is 
activated after removing the photoresist 204, the p type source region 55 and the p type drain 
region 56 will be formed, and ISFETD jandi will be formed. After this, since it is substantially the 
same, the duplicate explanation is abbreviated to the process shown after drawing 6 (h). 
[0065]What is necessary is just to perform it as follows in the structure shown in drawing 9 , in 
order to form sensing element (ISFET) D } Jf and p channel vertical switching transistor T jandj 
using a single crystal silicon layer. Here, a single crystal silicon layer means the single crystal 
semiconductor layer (SOI layer) formed in the inside of the diaphragm part 1 used as the lid 
(roof) of microporosity field C iandj . 

[0066](**) First prepare the SOI substrate by which the n type single crystal silicon layer (SOI 
layer) was formed via the embedded insulator layer 32 on the semiconductor substrate 29. And 
on this n type single crystal silicon layer, spin spreading of the photoresist is carried out and 
photoresist is patterned with photolithography technology. It etches selectively by RIE until the 
embedded insulator layer 32 exposes a n type single crystal silicon layer by using this patterned 
photoresist as a mask. By this RIE, an isolation groove is formed in a slots [ which are shown in 
drawing 7 (I) / 47a, 47b, 47c, and 47d ] position, respectively. The width of this isolation groove 
is formed more widely than the slots 47a, 47b, 47c, and 47d. Then, the photoresist used for 
etching of RIE is removed. 

[0067](**) And deposit an oxide film with a CVD method so that this isolation groove may be 
filled. Flattening is carried out until a n type single crystal silicon layer is exposed using CMP, 
and the insulator layer for n type single crystal silicon layer protection is formed in the inside of 
an isolation groove. And the surface of the n type single crystal silicon layer divided with this 
insulator layer for n type single crystal silicon layer protection is oxidized thermally, and 50 nm 
- 100 nm-thick gate oxide is formed in the surface of a n type single crystal silicon layer. 
[OO68](**0 Next, deposit 300 nm - about 600 nm of gate electrode materials, such as refractory 
metals, such as a polysilicon film or W film, and a Mo film, with a CVD method the whole surface 
on gate oxide. Next, spin spreading of the photoresist is carried out on the surface of a gate 
electrode material, and photoresist is patterned with photolithography technology. And a gate 
electrode material is etched by RIE etc. by using this photoresist as a mask, and a gate 
electrode and the pattern of required wiring are formed with a gate electrode material. 
[0069](**) Remove the photoresist used for patterning of a gate electrode, and carry out spin 
spreading of the new photoresist on the surface of gate oxide. And with photolithography 
technology, pattern photoresist and this photoresist is used as a mask, P type impurity ion, 
such as boron ion ( 11 B + ), with the dose about 2x10 15 cm" 2 . An ion implantation is carried out to 
the surface of the n type single crystal silicon layer of the sauce / drain formation scheduled 
region of ISFETDj i? and vertical switching transistor T jandj . Then, if it heat-treats and p type 
impurity ion is activated after removing the photoresist 204, the p type source region and p type 
drain region of vertical switching transistor T jandi will be formed with the p type source region 55 
and the p type drain region 56 of ISFETD jandi . The next process is fundamentally [ as the 
process shown after drawing 6 (h) ] the same. However, it is as having mentioned above to 
remove similarly the semiconductor substrate 29 exposed to the these slots [ 47a 47b, 47c, and 
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47d ] pars basilaris ossis occipitalis with anisotropy silicon etching liquid, after carrying out the 
opening of the slots 47a, 47b, 47c, and 47d if shown in drawing 7 (I). At the time of etching of 
this anisotropy silicon etching liquid, since a n type single crystal silicon layer is covered with 
the insulator layer for n type single crystal silicon layer protection in the side and is having the 
bottom covered with the embedded insulator layer 32, it is not etched. 

[0070](A 3rd embodiment) Drawing 10 and 1 1 are the sectional views showing the pixel of the 
sensor array concerning a 3rd embodiment of this invention focusing on microporosity field C iand 
j* This sectional view is equivalent to the figure which met in the direction of A-A of drawing 2 . 
The pixel of the sensor array concerning a 3rd embodiment of this invention in the upper part of 
the pixel of a 1st embodiment Hole h n , h 12 , They are ...... h 31 , h 32 , h 33 , h 34 , - — , and the structure 

where the cap layer 37 with h 55 was added. The upper part of an interval part provided between 
the array isolation region 3 and the diaphragm part 1 is connected to the wrap fringe part (end) 
37c and each crowning of the diaphragm part 1 in the pars basilaris ossis occipitalis of a center 
section, and the cap layer 37 consists of a supporter (37a, 37b) which supports the fringe part 
37c by cantilever structure. The supporter (37a, 37b) comprises the skirt part 37b which 
connects the center section 37a where the pars basilaris ossis occipitalis was connected to 
each crowning of the diaphragm part 1, and the fringe part 37c and the center section 37a. h 31 , 

h 3 2» h 33 , h 34 , ...... h 55 can be used as hole h n provided in the fringe part 37c, h 12 , , and a filter into 

which the size of a suspended particle is classified. The end (fringe part) 37c of the cap layer 37 
and the crevice between the passivation films 36 Hole h n , h 12 , When thicker than the diameter 

of , h 31 , h 32 , h 33 , h 34 , h 5 , from the end (fringe part) 37c of the cap layer 37, and the crevice 

between the passivation films 36, a microorganism is introduced into microporosity field C jandj , 

and gets, this crevice is buried — or hole h u and h, [ 12 and ] h 31 , h 32 , h 33 , h 34 , It may be made 

thinner than the diameter of .....and h 55 , and hole h 11f h 12 , , h 31 , h 32 , h 33 , h 34 , — and h 55 may be 

used as a sorting filter of a microorganism. As shown in drawing 10 , the pn junction diode which 
consists of the anode region 51, the cathode region 52, and the cathode contact field 53 is 
constituted as sensing element D jandi inside the diaphragm part 1 used as the lid of 
microporosity field C j andj . Although the graphic display is omitted, stratified reactant X jandi are 
arranged at the pars basilaris ossis occipitalis inside microporosity field C jandj . Thus, other 
structures omit the explanation which overlapped with a 1st embodiment since it was 
substantially the same. 

[0071]Since the center section 37a of the supporter of the cap layer 37 constitutes the bottom 
of the crevice surrounded by the skirt part 37b as shown in drawing 10 , it is also possible by 
arranging the quality of a culture of a microorganism in this center section 37a (bottom of a 
crevice) to measure growth thermogram. In this case, in order to distinguish bio-luminescence 
and growth thermogram, it is also effective in the adjoining pixel to adopt topology which does 
not arrange the quality of a culture for the purpose of measurement of bio-luminescence, and 
to measure the signal quantity between the adjoining pixels. 

[0072]Although a graphic display is omitted, the sensor array concerning a 3rd embodiment of 
this invention is realizable using the manufacturing method of the sensor array described below. 
However, it is an example and, of course, can manufacture by various methods other than this 
including this modification. Since drawing 7 (I) is the same as that of the manufacturing method 
of the sensor array concerning a 1st embodiment, it omits the duplicate statement. Here, the 
slots 47a, 47b, 47c, and 47d are explained like drawing 7 (I) sequentially from after the process 
which carried out the opening. 

[0073](**) Namely, as shown in drawing 7 (I), after carrying out the opening of the slots 47a, 47b, 
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47c, and 47d, An amorphous silicon is deposited so that these slots 47a, 47b, 47c, and 47d may 
be filled and also fixed thickness, for example, a thickness of 0.8 micrometer - 2 micrometers, 
can be secured in the upper part of the passivation film 36. And flattening of the surface of an 
amorphous silicon is carried out by CMP. 

[0074](**) Next, carry out spin spreading of the photoresist on an amorphous silicon. And 
photoresist is patterned with photolithography technology, an amorphous silicon is etched by 
isotropic etching by using this patterned photoresist as a mask, and a crevice is formed. 
[0075](**) Deposit the insulator layer for cap layers on 0.3 micrometer - about 1 micrometer in 
thickness with a CVD method after removing photoresist. As an insulator layer for cap layers, it 
is usable in an NSG film, a PSG film, or a BPSG film. Next, spin spreading of the photoresist is 
carried out on the insulator layer for cap layers. And hole h^, h 12 as patterned photoresist with 
photolithography technology, etched the insulator layer for cap layers by RIE by using this 
patterned photoresist as a mask and shown in drawing 10 and drawing 11 , It patterns after the 
rectangular shape which has ...... h 31 , h 32 , h 33 , h 34 , , h 55 . 

[0076](**) And hole h 11f h 12 , If an amorphous silicon is etched with silicon etching liquid via ...... h 31 , 

h 32 , h 33 , h 34 , , h 55 , the opening of the slots 47a, 47b, 47c, and 47d will be carried out again. The 

cavernous material (p + type doped polysilicon) 44 exposed to the these slots [ 47a, 47b, 47c, 
and 47d ] pars basilaris ossis occipitalis is also removed, and microporosity field C jshownin drawing 10 
andj are formed. 

[0077] Drawing 12 is a sectional view showing the pixel of the sensor array concerning the 
modification of a 3rd embodiment of this invention focusing on microporosity field C iandj . This 
sectional view is equivalent to the figure which met in the direction of A-A of drawing 2 . The 
pixel of the sensor array concerning the modification of a 3rd embodiment of this invention, On 
the reverse side of the eaves (fringe part) 37c of the cap layer 37 provided in the upper part of 
the starting-3rd embodiment shown in drawing 10 pixel. It is the structure where the upper 
electrode 82 which consists of a metal thin film is arranged, and the lower electrode 81 is 
arranged in the upper part of the passivation film 36 which counters this upper electrode 82 and 
serves as a crowning of the array isolation region 3. 

[0078]According to the structure shown in drawing 1 2 , it is possible to control the distance 
between the surfaces of the passivation film 36 used as the reverse side of the fringe part 37c 
and the crowning of the array isolation region 3 using electrostatic force. For example, 
electropositive potential is given to the upper electrode 82, electronegative potential is given to 
the lower electrode 81, and distance between the reverse side of the fringe part 37c and the 
surface of the passivation film 36 can be narrowed using electrostatic attraction. On the other 
hand, if electropositive potential is given to the upper electrode 82 and electropositive potential 
is given to the lower electrode 81, distance between the reverse side of the fringe part 37c and 
the surface of the passivation film 36 can be made large according to electrostatic repulsive 
force. Or it may narrow, electronegative potential may be given to the upper electrode 82, 
electronegative potential may be given to the lower electrode 81, and distance between the 
reverse side of the fringe part 37c and the surface of the passivation film 36 may be made large. 
Thus, it can be used using electrostatic force as a variable filter which classifies the size of a 
suspended particle or a microorganism according to controlling the distance between the 
reverse side of the fringe part 37c, and the surface of the passivation film 36. In drawing 12 , to 

the cap layer 37, hole h llf h 12 , h 31 , h 32 , h 33 , h 34 , Although it is the structure which provided and 

h 55 , as for the characteristic of a variable filter, the direction made into hole h 11t h 12 , , h 31 , h 32 , 

h 33 , h 34 , , and structure without h 55 becomes sharp. Other structures omit the explanation 
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which overlapped with the pixel concerning a 3rd embodiment shown in drawing 10 since it was 
substantially the same. 

[0079]Although a graphic display is omitted, the sensor array concerning the modification of a 
3rd embodiment of this invention is realizable using the following manufacturing methods. The 
middle is the same as that of the manufacturing method of the sensor array concerning a 1st 
embodiment. 

[0080](**) That is, as shown in drawing 7 (I) explained by a 1st embodiment, after carrying out 
the opening of the slots 47a, 47b, 47c, and 47d, deposit an amorphous silicon so that it may 
invade into a these slots [ 47a, 47b, 47c, and 47d ] inside. And CMP is performed until the 
passivation film 36 is exposed, and the slots 47a, 47b, 47c, and 47d are embedded by an 
amorphous silicon/then, the passivation film 36 top — lower electrodes, such as W, Ti, and Mo, 
— public funds — a group film is deposited in a CVD method, a vacuum deposition method, 
sputtering process, etc. On this metal membrane for lower electrodes, spin spreading of the 
photoresist is carried out and photoresist is patterned with photolithography technology, using 
this patterned photoresist as a mask — a lower electrode — public funds — a group film is 
etched by RIE and the lower electrode 81 is patterned. And the photoresist which patterned the 
lower electrode 81 is removed. 

[0081](**> Furthermore, deposit an amorphous silicon on the upper part of the lower electrode 
81 , and the upper part of the exposed passivation film 36. And by GMP, flattening of the surface 
of an amorphous silicon is carried out, and spin spreading of the photoresist is carried out on an 
amorphous silicon. And photoresist is patterned with photolithography technology, an 
amorphous silicon is etched by isotropic etching by using this patterned photoresist as a mask, 
and a crevice is formed. 

[0082](**) a next [ after removing photoresist ], and amorphous silicon top — ■ upper electrodes, 
such as W, Ti, and Mo, — public funds — deposit a group film in a CVD method, a vacuum 
deposition method, sputtering process, etc. The insulator layer for cap layers is deposited with 
a CVD method on the metal membrane for upper electrodes. Next, spin spreading of the 
photoresist is carried out on the insulator layer for cap layers. And photoresist is patterned with 
photolithography technology, and the insulator layer for cap layers and the metal membrane for 
upper electrodes are etched by RIE by using this patterned photoresist as a mask, and it 
patterns after rectangular shape as shown in drawing 12 . 

[0083] (**) And the end (namely, between the fringe part 37c and the crownings of the array 

isolation region 3) of the insulator layer for cap layers or hole h 11f h 12 , If , h 31 , h 32 , h 33 , h 34 , , h 55 

are formed and an amorphous silicon will be etched with silicon etching liquid via a hole, the 
opening of the slots 47a, 47b, 47c, and 47d will be carried out again. The cavernous material 44 
exposed to the these slots [ 47a, 47b, 47c, and 47d ] pars basilaris ossis occipitalis is also 
removed, and microporosity field C, shown in drawlng12 andj are formed. 

[0084](A 4th embodiment) By performing highly precise micro processing on a substrate in 
recent years using micro-machining art, LOC (Laboratory on a Chip), mu-TAS (Micro Total 
Analysis Systems), etc. which accumulate a series of functions, such as liquid sending, mixing, a 
reaction, and analysis, on the semiconductor substrate (chip) of one sheet are tried. The art of 
performing highly precise three-dimensional package processing on a semiconductor substrate 
or an insulating substrate is adopted as these trial productions by applying ultra-fine processing 
technology adopted with the manufacturing method of the integrated circuit, such as photo 
lithography and RIE. 

[00853 Drawing 13 is a sectional view showing the structure of the sensor array in which liquid 
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sending, mixing, the reaction, analysis, etc. between the pixels concerning a 4th embodiment of 
this invention are possible. This sectional view is equivalent to the figure which met in the 
direction of A-A of drawing 2 . It is the point that the point that the detailed piping (cave hole) 42 
which runs to the base insulator layer 31 which constitutes microporosity field C landj at the 
surface and the parallel direction of the semiconductor substrate 29 in the pixel of the sensor 
array concerning a 4th embodiment of this invention is formed differs in the pixel of a 1st 
embodiment. Pouring and discharge of the enzyme to microporosity field G iand , protein, a living 
body cell, etc. can be performed via the detailed piping 42 shown in drawing 13 . That is, although 
the graphic display is omitted, it becomes possible via the detailed piping 42 to arrange the 
enzyme as reactant X jandi , protein, a living body cell, etc. inside microporosity field C jandi . Other 
structures omit the explanation which overlapped with a 1st embodiment since it was 
substantially the same. 

[0086] According to the pixel of the sensor array concerning a 4th embodiment of this invention. 
Since an enzyme, protein, a living body cell, etc. can be conveyed inside microporosity field C jand 
i via the detailed piping 42 when an enzyme, protein, a living body cell, etc. which have been 
arranged inside microporosity field C jandi are exhausted or exhausted, recovery of a sensor 
function is possible. Multi-analysis of conveying the microorganism captured by microporosity 
field C jandi to other pixels which adjoin via the detailed piping 42, and analyzing it by other 
techniques, or analyzing it in details more is attained. For this reason, as for the sensor array 
concerning a 4th embodiment, the operation as "chemicals integrated circuits", such as LOC 
and mu-TAS, is attained. Therefore, although the graphic display is omitted, The micro valve 
connected to the detailed piping 42, the actuator for liquid sending (micropump), a micro mixer, 
a micro reactor, a separation part, a primary detecting element, etc. may be integrated inside 
the base insulator layer 31 which constitutes microporosity field C j andj , or the semiconductor 
substrate 29. 

[0087]The sensor array concerning a 4th embodiment of this invention can be manufactured 
according to the process sectional view shown in drawing 14 . However, the manufacturing 
method concerning drawing 14 is an example, and, of course, it can manufacture by various 
methods other than this including this modification. 

[0088](**) The process sectional view shown in drawing 1 4 (a) is mostly similar with drawing 5 
(a) explained with the manufacturing method of the sensor array concerning a 1st embodiment. 
Here, the polysilicon film 43 is deposited with a CVD method the whole surface on the gate 
oxide 42 like explanation concerning drawing 5 (a). Next, spin spreading of the photoresist 201 is 
carried out on the surface of the polysilicon film 43. And with photolithography technology, as 
shown in drawing 14 (a), the photoresist 201 is patterned. And the polysilicon film 43 is etched 
by reactive ion etching (RIE) etc. by using this photoresist 201 as a mask, and as shown in 
drawing 14 (b), the gate electrode 73, the polysilicon wiring 74 for piping, and polysilicon wiring 
(not shown) are formed. Then, the photoresist 201 is removed and spin spreading of the new 
photoresist is carried out on the surface of the gate electrode 73 and the polysilicon wiring 74 
grade for piping. And using photolithography technology, the opening for ion implantations is 
formed in a MOS transistor formation region, and the polysilicon gate electrode 73 is exposed. 
The ion implantation of the arsenic ion ( 75 As + ) is carried out to the order of dose 10 15 cm~ 2 in self 
align by using this exposed polysilicon gate electrode 73 and new photoresist as a mask. At this 
time, the ion implantation of the arsenic ( 75 As + ) is carried out also to the exposed polysilicon 
gate electrode 73. After removing new photoresist, the semiconductor substrate 29 is 
heat-treated, The poured-in impurity ion is activated and diffused, as shown in drawing 14 (b), 
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the n type source region 71 and the n type drain region 72 are formed in the semiconductor 
substrate 29, and as a result, vertical switching transistor T jandi are formed. 
[0089]As shown in drawing 14 ( b), (**) Next, vertical switching transistor T hli|p .T ji |, T j+1>|f To the 
MOS IC of .. ... or a peripheral circuit, the base insulator layer 31 which functions as an interlayer 
insulation film is deposited at about 1 micrometer in thickness on the gate electrode 73 and the 
polysilicon wiring 74 grade for piping. This base insulator layer 31 is used as the bipolar 
membrane which comprised two-layer structure of an NSG film, a PSG film, or a BPSG film, and 
a reflow of the upper BPSG film is carried out, and as shown in drawing 14 (b), flattening of the 
surface of the base insulator layer 31 is carried out. 

[0090](**) Next, carry out spin spreading of the photoresist on the base insulator layer 31. And 
photoresist is patterned with photolithography technology. The base insulator layer 31 is etched 
by RIE by using this patterned photoresist as a mask, and the opening of the contact hole 
(graphic display abbreviation) to the n type source region 71 and the n type drain region 72 is 
carried out. The photoresist used for the contact hole opening is removed, and spin spreading of 
the new photoresist is carried out on the base insulator layer 31 . And new photoresist is 
patterned with photolithography technology. The base insulator layer 31 is etched by isotropic 
etching by using this patterned new photoresist as a mask, and microporosity field C jandj are 
formed. And the cavernous material (doped polysilicon) 44 is deposited using a CVD method so 
that contact hole and microporosity field C jandj may be buried. And using GMP, flattening is 
carried out until the base insulator layer 31 exposes the surface of the cavernous material 44, 
and the cavernous material 44 is embedded to the inside of contact hole and microporosity field 
Cjandj- The doped polysilicon 44 with which the inside of a contact hole was buried and loaded 

functions as the 1st layer contact plugs 59c and 59d and to the n type source region 71 and 

the n type drain region 72. Then, as shown in drawing 1 4 (c), the embedded insulator layer 32 is 
deposited. 

[0091](**) After this, since it is substantially the same, abbreviate explanation to the 
manufacturing method shown in drawing 5 (d) explained with the manufacturing method of the 
sensor array concerning a 1st embodiment - drawing 7 (I). And like drawing 7 (I), as shown in 
drawing 14 (d), the opening of the slots 47a, 47b, 47c, and 47d is carried out. And if silicon 
etching liquid removes the cavernous material 44 and the polysilicon wiring 74 for piping which 
were exposed to the these slots [ 47a, 47b, 47c, and 47d ] pars basilaris ossis occipitalis, as 
shown in drawing 13 , the detailed piping 42 will be formed simultaneously with microporosity 
field C landj . 

[0092](**) The enzyme to microporosity field C jand , protein, a living body cell, etc. should just 
pour in via the detailed piping 42 after this. 

[0093] Drawing 15 is a sectional view showing the pixel of the sensor array concerning the 
modification of a 4th embodiment of this invention focusing on microporosity field C iandj . This 
sectional view is equivalent to the figure which met in the direction of A-A of drawing 2 . 
Although microporosity field C iandj comprised drawing 13 as a crevice which removed selectively 
some base insulator layers 31 arranged on the surface of the p type semiconductor substrate 
(silicon substrate) 29, In the sensor array concerning the modification of a 4th embodiment, it is 
constituted as a crevice of the surface of semiconductor substrate 29 self, and differs in that 
the detailed piping 42 is formed in the inside of the semiconductor substrate 29. Sensing 
element (pn junction diode) Dj whjch consjsts of the anode region 51 the cathode region 52> a nd the cathode contact field 53, and i like 
drawing 13 , A doped polysilicon layer is used for the inside of the diaphragm part 1 used as the 
lid of microporosity field C iandj , or a roof, and it is constituted. Although vertical switching 
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transistor T jandi are arranged near the surface inside the semiconductor substrate 29 by drawing 
13 t they comprise a sensor array concerning the modification of a 4th embodiment using the 
doped polysilicon layer of the same level level as sensing element D jandj . Since other details are 
the same as that of a 4th embodiment fundamentally shown in drawing 13 , the duplicate 
explanation is omitted. 

[0094]As shown in drawing 15 , it can perform simply forming the detailed piping 42 in the 
surface of the semiconductor substrate 29 as follows. 

[0095](**) Namely, after carrying out the opening of the slots 47a, 47b, 47c, and 47d like 
drawing 7 (I) explained by a 1st embodiment, If anisotropy silicon etching liquid removes the 
semiconductor substrate 29 exposed to the these slots [ 47a, 47b, 47c, and 47d ] pars basilaris 
ossis occipitalis, microporosity field G landj will be formed. Then, spin spreading of the photoresist 
is carried out on the passivation film 36. And photoresist is patterned with photolithography 
technology, using this patterned photoresist as a mask — - the passivation film 36, the 2nd 
interlayer insulation film 35, and the 1st interlayer insulation film 34 — so that it may penetrate 
embedding insulator layer 32 and also a part of semiconductor substrate 29 may be removed 
selectively, It etches by RIE, and as shown in drawing 16 (a), the opening of the wells 43a, 43b, 
43c, and 43d for detailed piping formation is carried out. 

[0096](**) If the wells 43a, 43b, 43c, and 43d for detailed piping formation are heat-treated 
after an opening and the semiconductor substrate 29 is heat-treated in reducing atmospheres, 
such as hydrogen, Etching advances so that a wells [ for detailed piping formation / 43a, 43b, 
43c, and 43d ] pars basilaris ossis occipitalis may expand, and as shown in drawing 16 (b), the 
connecting part 48 is made. 

[0097](**) Furthermore, if heat treatment in a reducing atmosphere is continued, the 
connecting part 48 will grow, and as shown in drawing 1 6 (c), the detailed piping 42 will be 
opened for traffic. 

[0098]It is possible to provide two or more overpass detailed piping by providing two or more 
sets of wells [ where the depth differs / for detailed piping formation / 43a, 43b, 43c, and 43d ] 
groups (a group). 

[0099](Package of a sensor array) As for the sensor array explained in the 1st thru/or a 4th 
embodiment, it is preferred to store and work in a package as shown in drawing 17 . The sensor 
chip 1 1 which integrated the sensor array which explained the package as shown in drawing 1 7 
to the inside of metal or the resin package container 12 in the 1st thru/or a 4th embodiment is 
stored. Two or more pins 1 5 are arranged at the pars basilaris ossis occipitalis of the package 
container 12. And the crowning of the package container 12 is the structure where it comprises 
the metallic mesh 13 and a suspended particle and a microorganism can arrive at the surface of 
the sensor chip 1 1 via the metallic mesh 13. An outlet is provided near the pars basilaris ossis 
occipitalis of the package container 12, and fluids, such as the atmosphere which flowed from 
the metallic mesh 13, are discharged. 

[0100]As shown in the sectional view of drawing 17 (b), inside the package container 12, the 
perforated plates 14a, 14b, and 14c of two or more sheets are laminated by the topology that 
the position of a hole shifts mutually. Even if fluid streams, such as a strong air current, are 
introduced via the metallic mesh 13 by laminating the perforated plates 14a, 14b, and 14c, the 
rate of flow is eased and it is protected that the surface of the sensor chip 1 1 is damaged 
mechanically. 

[0101](Other embodiments) As mentioned above, although the 1st thru/or a 4th embodiment 
indicated this invention, if this invention is limited, he should not understand the statement and 
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the drawing which make a part of this indication. Various alternative embodiments, an example, 
and an investment technique will become clear [ to a person skilled in the art ] from this 
indication. 

[0102]For example, when the pixel of the sensor array explained in the 1st thru/or a 4th 
embodiment treats a microorganism, protein, blood, etc., it is necessary to perform introduction 
to microporosity field C jandj smoothly. In this case, it is preferred to make into hydrophilic nature 
the surface of each material which constitutes the pixel. For example, what is necessary is to 
carry out a surface treatment by a water soluble vinyl monomer, to form a polymers chain, and 
just to make the surface into hydrophilic nature. 

[01 03] As reactant Xj jntroduced and arranged and „ inside microporosity field C jand|f Fluorescent substances 
which interact with radiation and show a fluorescence, such as a cesium iodide (CsI:TI) and acid 
gadolinium sulfide (Gd 2 0 2 S:Tb), may be fixed, and the dust content of the air bacillus which 
carried out the label with radioisotope, or the air including radioactivity may be measured. In this 
case, it is possible to regard it as the sensor array provided with the function of both a 
biosensor and a radio active ray sensor. 

[01 04] Although drawing 1 showed the area array (two dimensional array) which has arranged 
the pixel in the shape of an X-Y matrix, of course, it is good as for an linear array (one 
dimensional array). 

[0105]Thus, as for this invention, it is needless to say that various embodiments etc. which 
have not been indicated here are included. Therefore, the technical scope of this invention is 
appointed only by the invention specific matter which starts an appropriate claim from the 
above-mentioned explanation. 
[0106] 

[Effect of the Invention]According to the sensor array of this invention, it becomes possible in 
real time to visualize the existing density, identifying the kind of microorganism which exists in 
the air or underwater. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an equivalent circuit of the sensor array concerning a 1st embodiment of this 
invention. 

[Drawing 2] It is a plan (top view) of the pixel of the sensor array concerning a 1st embodiment 
of this invention. 

[Drawing 3] It is a sectional view of the pixel of the sensor array concerning a 1st embodiment of 
this invention. 

[Drawing 4]Drawing 4 (a) is a figure showing the area division method for imaging four kinds of 
air microorganisms, and drawing 4 (b) is an explanatory view in the case of identifying an air 
bacillus in detail combining the preset temperature and the opening size of a cell by a matrix. 
[Drawing 5] It is a process sectional view explaining the manufacturing method of the sensor 
array concerning a 1st embodiment of this invention (the 1). 

[Drawing 6] It is a process sectional view explaining the manufacturing method of the sensor 
array concerning a 1st embodiment of this invention (the 2). 

[Drawing 7] It is a process sectional view explaining the manufacturing method of the sensor 
array concerning a 1st embodiment of this invention (the 3). 

[Drawing 8] It is a sectional view of the pixel of the sensor array concerning the modification of 
a 1st embodiment of this invention. 

[Drawing 9] It is a sectional view of the pixel of the sensor array concerning a 2nd embodiment 
of this invention. 

[Drawing 10] It is a sectional view of the pixel of the sensor array concerning a 3rd embodiment 
of this invention. 

[Drawing 1 1] It is a plan of the pixel shown in drawing 10 . 

[Drawing 12] It is a sectional view of the pixel of the sensor array concerning the modification of 
a 3rd embodiment of this invention. 

[Drawing 1 3] It is a sectional view of the pixel of the sensor array concerning a 4th embodiment 
of this invention. 

[Drawing 14] It is a process sectional view explaining the manufacturing method of the sensor 
array concerning a 4th embodiment of this invention. 

[Drawing 15] It is a sectional view of the pixel of the sensor array concerning the modification of 
a 4th embodiment of this invention. 

[Drawing 16] It is a process sectional view explaining the manufacturing method of the sensor 
array concerning the modification of a 4th embodiment of this invention. 
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[Drawing 17]Drawing 17 (a) is a bird's-eye view of the package which stores the sensor array 

concerning the 1st thru/or a 4th embodiment, and drawing 1 7 (b) is the sectional view. 

[Description of Notations] 

1 Diaphragm part 

2a The 1st support saddle 

2b The 2nd support saddle 

3 Array isolation region 

12 Package container 

13 Metallic mesh 

14a, 14b, and 14c Perforated plate 
15 Pin 

29 P type semiconductor substrate (silicon substrate) 

31 Base insulator layer 

32 Embedded insulator layer 

33 p + type doped polysilicon 

34 The 1st interlayer insulation film 

35 The 2nd interlayer insulation film 

36 Passivation film 

37 Cap layer 

37a Supporter (center section) 
37b Supporter (skirt part) 
37c Fringe part 37c 

41 Immobilized enzyme 

42 Detailed piping 

43 Polysilicon film 

43a, 43b, 43c, and 43d Well for detailed piping formation 

44 Cavernous material (polysilicon) 
45a, 45b, ...... 45f Slot 

46a and 46b Contact hole 
47a-47d Slot 

51 Anode region 

52 Cathode region 

53 Cathode contact field 

55 P type source region 

56 P type drain region 

57 Channel regions 

59c and 59d The 1st layer contact plug 
60c and 60d The 2nd layer contact plug 
61a-61d The 3rd layer contact plug 
61 e, 61f, and 64d Contact plug 

62a, 62b, , 62f The 1 st metallic wiring layer 

63 The 2nd metallic wiring layer 
64c The 4th layer contact plug 

71, 75 n type source regions 

72, 76 n type drain regions 

73, a polysilicon gate electrode 
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74 Polysilicon wiring for piping 

81 Lower electrode 

82 Upper electrode 
201-207 Photoresist 

B M> B jt B j+1 , and a bit line 

c j, k °j. i. °j, w. On, i-i, C j+i, i. c J+ i, w and a microporosity field 

d j, i-i, °j, i. d j, D j+i. h, D j+i, i. w and a sensing element 

h 11t h 12 , , h 31 , h 32 , h 33 , h 34 , , h 55 hole 

Q M , Qj, Q j+1 , and a level switch transistor 

Ti. M. Ti. i. Ti. i+i. Ti+i. h, Ti+i, i- Ti+i, i+i' and a vertical switching transistor 

V M , Vj, V l+1 , and vertical heater wires 

Vb t Vt level heater wires 
Wj_ 1f W jf W j+1 , and a word line 
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*ciC*^T, P-X(±«ffl©SP^tC(4fS|-3Z.{±«{et©^ 

b sptB^f «fe t ©M#, Jtfcsp«fttmiS© t> 

[0013] (mi (Dmmoommy ^mm^m i ©^m 

OfyKiBj.!, B i( B 1+1 , •••••ir, r©«»C<©tr 
yMSBn, Bi, B 1+1 , •••••{C^LaE^r&IiC#@ 

i-5»ffc©!7- KiiWj.!, Wj, w j+1 , 

iltSMS^C^.^.Cj,!, C Jil+li c 

j+i.i-L c j+1>i> c j+1;i+1 , a«2ft5EE**n 

tvn^ 0 */hffiffl««c Ji:l _ lt c J>1# c j>1+1 _ c 

j+i.i-i. C J + i. i. c J+1>1+l , ©rt^fCfi, ^ffl 

j. i + 1. X j + i-1, i, ^S2S 

^tltV^o IftOfyMB^, Bj, B 1+1 , 

<o*ti?ti<o-Mtt. mmvo\zmm.£tix\,^„ mw 

(D¥-y hBB^, Bj, B i+1> <n*:ti^fr<r>m& 

14, ^'fyf h^V^^Q^, Q 1; Q i + 1 , ••• 

••oiiits (Kwr^ms) {-^^n-cv^5 0 tk 

hyy-^^Qi-,, Qt, Q i+1 , ©^ 

1 0 2 ClJgSgE^tLT^-So *¥^-f h7>^X^Q 
i-!, Qi, Q i+1 , ©^2^«ffi (y — 

Sw^j, Wj, w j+1 , ti, ^^tiiIi/7 hi/ 

i o i t^SSItSix-cv^S. 
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[boult/haflWCj^.!, Cj aii c Jti+lt 



j, i + l> 



T ■ 
1 j+ 



1, i + l> 



-J+i.i. C j+i,i+n (D*tl?tl<Dft 

D 



^ j+l, i-l 

J, i, ^ j, i+1, ^ j+l. i-l, 



j, i-l. 



D 



j, i, ^ j, i + 1, ^ j+l. i-l. D j+l. i. ^j + 1. i + 1' 



D 



. . T 

J. i—l, A j, i. 



j + l. i+l» 



T j+lil _ lv ©i2iis (y— tr> 

h^Bi^tcg^tvrv^,, try HitBtfcPttfcLfc?!! 



j. i« T j+l, i 



>A i _ 1 >A i >A i+1 >-- 

t-C. .ttt-^iVn, Vi, V i+1> 

•■••< r H < r 4 <r 1+1 <" 

Pi= (V h ) 

T-^XLfcn^CD-C, llk-^IV^, Vj, V i+1 , • 

>T 1 _ 1 >T 1 >T 1+1 >-- 

kt£Z> 0 

[0 0 16] 0 2(1, W^iSiCj^^ftSt^ 
WM\z.% 5 ± V+T W-f <D tf ^ -ir/wt , IR/h^m C 
fc, r©^777ASl SrHtfT W#|*««3 
IlS»2a, I2j»2bi, 

8&&7 6tLfcPff3|S$g|S4 7 a , 47b, 47c, 47di^r 

2©«/h^|B«6Cj il S:ll<fltgB4 7 a i«£B4 7 c 
Rjt, Stlf|54 7 b ir*a5 4 7 dir^f^a-t^ 

9<DMu^&ht£Z> a 

[0 0 17] 0 3 14, 0 2CDA-A*'[Blt--;'ftofcpDf®0 

m 2 9 ±(ct w t L-xmm£tiitWh'£Mm%ic 



^M) tt, try MftB J+1 {cS«E*ixTv^5o P— K 

^*T Jtl _ lt T J>lt t Ji1+1 , nmmnm 

YWm (4, V— KiHWjfcS^StL-CV^o X, !7- 

^^T j+M .„ T J+1-i , T J+1 . 1+1 , OW* 
(4, 17- K«W J+1 l«^t^ 

[0 0 15] SiC, t'-yMB^, B 1( B i+1 , 

iffiLt, iMgA^, A t , A 1+1 , ©Sittfc- 

^IVj.,, Vj, V i+1 , LTV^S. lit 

— jJ'ilftVi.j, Vj, v i+1 , •••••co— jurdu 7K¥t— 9 

BVtKM-&£1n, K—9mWMl 0 amgaftSjfVCV 

ait-^nvj.!, Vj, v i+1 , ••■••©m«f4, 
7k¥.t-9mvbic$k&isti, mmznx^^o mm* 

~9Mv i _ 1 , v it v i+1I r . ••-.■©Jttb j e*t<olMB* 

(i) 

»*fr^<75l&fa«4, 

..... (2) 
0 3©.«ffiSrV h i:i-*L«r, 
(3) 

(4) 

i:§rSMi-5SW2 a, 2 b ,t, ^77 

i.jrt©«««r*W-*-StftW*^ (5 1, 5 2, 5 3) 
t, ^775A»1|:(|»U i/J^W(*C' liJ ©' 

*y— H«<5 2S.I57J y-K3y?7 hms 

ffll«*C j, j©» L < [4M& t*5^777^1 

i,ji4, piu^*ft:K« (v-y^ylS) 2 9©s®ic 

§Pi LXm&ZnX^^So 0 3i4, p nM^^t-K 
Dj,i077-Ki«t5 1, *y— KM 5 2RT$jjy 
-^^^^5 311, Jtix-Pix^tt** K— 7L 

fc/Ky^yav (^Tic*DV^•r r K-y°K^y = 

iV^5„ ) frt>mffc£ti1tm&%:mLX\<^ 0 t£ 
*J, «Sfit5J:5l:, SO I »S#Srfflv^tf, K— y° 

y y 3 5 icJtitt A^ft:* y 
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^Tji (7 1, 7 2, 7 3) El 3 i^-t^J-fta, 

[0018] ip*>, aa:^^ yfy^F7y^?T 
^ffififficiaesttfcnMy-^^7 1 , nMKW 

yffii7 2, r|L?)©nfy-^ffl«7 1tnlKW 
yffi^7 2t©ffi©pI^fft:S«2 9CD^B»y- N 

t^j, T j+1>i , co^y i^y a^y— basre 

fc^^-KlWj.!, W J+1 , ^^l,TV^2)o 

[0 0 19] -tut, Z.(DmM-^^( 5/fy^f5y^ 

* T j-i. i> T J,i> -Tj + i.i. <D±mc s mmmm 

St 3 1 fctt, Hi^JglJfay*^ h^7^5 9 c, 5 
9d, (S^^ftO 5 9c, 5 9d, «S V K 

mmms 1 ^jta-rs <t 5 Ks«>i£*ax-cv^„ mm 

©1113^^^7^5 9 0, 5 9d, [4, 

iE^-f y / F 7 t di niv 

^«7 1, nSKWyf«7 2 1 JSVMiMiaiElK 

[0020] Kt/hffijH!H«c lf j©±»K:tt, ffl3A|6» 
SI 3 2 a*, Ifc/hsgJPWWfiCi. j©«b<tta«i lt 

EfltSaxTV^o ^|6IMI3 2». H3W»fffil2I±-C' 
{4, fcf;Htiro^777Ag|il, ^77 9 Ag|5 
1 WpJ«ro^Wgl32 a , 2 b, JltWai2a, 2b© 
PHKI© T W 3 K$HH $ flX V > 5 i o (C^r 

-V^LTtt, ^775AS|51, ^»Wg|52a, 2 
b, &0 ! Ty-l'^-llffi«3(±Ji^L7t-ft:©^-C'fc 

rta5ic{±#i^s^¥^S (p Y—y° K^yyy a 

3 3ass«>j&*;ix-C^5 0 f*©^777Ag51 
©ffi&ij&fiJBI 3 2 ©rtSPtcffifeii^tLfc p K--7 0 K 

j, y — Kffi* 5 i T-fc >9\ ni Y—y° KaK y -> y 
n +§y K-7°K^y -yy = y^<b y- Ka^^ 



mh«5 3as*y-K«*B 2©*ffiic5i«Wicias$ 
ft, r y - khk 5i, # y- Kffi« 5 2 s.t>*77 y- K 

3y??h««5 3t^ pnS^yt-KDj,^ 
2©rtg|5(Ctt, M»^2Jl=iy^^ h7"7^60c, 

eod, (smmm *k &&mmm3 

L-cafeji^n-rvNSo ^2jg3^^^ hy°9^6 o 

c, 6 0d, {4, IllJiaV*^ h^9^5 9 

c, 5 9d, St^LT, nly-^1^7 lM 

nSLKW ^««7 2^(c^ft^ft«^lft}-g^£ftT 

[0021] #v— K^y?^ his^s 3, 77 y— Kffi 
«52, p +IK-7Wyy!) =>y 3 s&tfrttt>l^ 

8s*ft-c*m L^a&ffiiKR 3 2 ©igpiciim 1 m mm 
mma 4*mmistix^z>o m'imnwmms 4<d±\c 
urn 1 femmmme 2a, 62b, , e 2 f #e 

ftSft-cv^a,. fti&JmeflM'e 2 c >*y- K3yiC 

* MH%5 3 tr±, KiJimi&MRs 4trKii-r5H3 

Jia^^^ ^^9^6 1 a{C<t •?S)gE*tlTV^5 0 ^1 

^JRIE«IS6 2 d try - Ki«5 i in, IHW 
MtK3 4^Jtart*fiJB3JK3^^^ hy°9i/6 1 b{ci 
•jaN»**t"CV^S.'':4*J, t;-k««5 1 %itmm& 
^MMS© pS K-7 1 y -y y 3 yi«i l, f 3 
m=^s?f Vy°y^& 1 b i{4, 7/- K«*5io- 

-7°K^yyy3y^b^577-K3y^^ 
^U'-CSStti-SJ; 5t-bTt.Av\ 3Etc^3®3y^^ 
h7*7^6 1 d, |2l3y^^h7*7^6 0d, St/ 
ill3y?^b7°7^'5 5 9 d SttTL-T, ftl-&JH£ 

116 2 f tsa:^^ yfy^h^y^^Tj, icon 
ikw ^**7 2 kas*«tttfcsai*sn-cvv5 0 03 

©»fSBl±-e(4 > H 1 &mWMM 62c, 62e, 62 
i^?- V±-C(4, B 1 ^MiaHJl 6 2c, 6 2 e , 6 

2 f iiB^Lfc i#o*MBaire;fc3o bfc^or, m 

l^«ia^ii6 2c, 62e, 6 2 f , ^SJlay^ 9 
b7°7^6 1 l2l3y?^f7°7^6 0dMI 

- KD j jCDTjy- h'ay?^ hA4E5 3 tll^y y 

[0 0 2 2] jgiC, H^lIEil6 2 a, 6 2 b, •• 
6 2 f ©±$PiC(4 N 5iflSE1t£ 

J16 3asEJ■Si^TV^5„ H3Jc*JV>-rH:, I2^«E 
US 6 3^fefc^^t)^[S(-fiilL*-|FiI(C^fTLTV^5 J; 5 

Bi©/^-y>45 0 bp*5, t'^MB^t #y-yy 

= yy-hti7 3 C7- K»Wj) >ut?)*isii; 
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4 c xm^-atix^^ „ %i4m^^9? 

Y~f=7tf§ 4 c fi, ^3jf3>-^^ h7°7^6 1 c (DIM 
SlU-^iS^ti-O^,, Lfc^oT, ^2^MiB^S6 3 
(^yHBi) tt, Jg4H = ^*^ b7°7?6 4 c, 

i3fay^? h^V^6 1 c, ^2Ji=>^^^ 
^60c, Ill^y^ h^5^5 9 c St^LT, 8 

nm-f%t°?±Mch, tyHlB H , B i+1 , 

#SR2£JRBBMUifc:«fc OMSft, jfetrL-CV^o t'j/ 

MIB,.,, B t , B 1+1> tffilt^ jRiffi 

Aw, A i; A i+1 , 2 AJUEJMIfc LT, S 
tt-^IVi.,, Vj, V i+1 , ^^ffb-CVN5 

iVj.,, V i( V 1+1 , &m 1 ^JRBB^S 6 2 a ~ 

6 2 f few— V'</U©EHfcfliV v T\ fEBlCSpfTfcjfetT 

UCt>tobfcV\ Lt« !&2 4fcJRE*ftJi6'3©-kSl$ 
|C % /^yv"<-: Vfflt 3 6 ^ffi«£tl-CV>.5 0 

[0023] KWN5SJPWH*c lf .,©±9$©, a^^tai 
3 2, mmm* (pnSwt-K) D d #1 (51, 
52, 53) , ^iww34 1 usi-^iieiMi 
(6 2 c, 6 2d) > m2mrmum3 ss^r^ 

5 0 ^T7 7Ag|51 (9|»tClt C=0. 
01-0. 1 At 'J-./KS«|C»^-JttfftV\ -?:UT, 
i 777 -A pF|5 1 f±> fS!Rl»©5:*$W 6 2 a , 6 

[0 0 2 4] -«£«£4&tt:, ^©aSlwStfSLT, H 

*r.©^-jsfe«r«po 0 >y^"h^jRyi?bA osjs 

1 (i nu '7^/W^.(i~0. lAtm-efc^o Lfc^o 
[0 0 2 5] RJS^Xi, Lt> /w->7iy 



>Hyyf) % h v**mmftb-f1ni^ 

a + j3=»h v (5) 

*iBf+ifil^ric*ixTV^p n^^t- KD 

j, i-l, ^j, i. ^j. i + 1. Dj+l.i-X, D j+1 x i 

+1 , b K (Tt-feV*) tLTttliB 

png^t-KDj^.,, D J;1 _ D j>i+1 , 

Dj^.i-,, D 3+1>1| D j+u+11 Icj;i9li3fehv 

Sr«SIElC^«ii-5o il> U->7 

h U-v?^^ l 0 lS.U ? 7k¥V7' h l/v 5 ^.^ 1 0 2-C7V 

y&T?±*£ti, m 1 (c^i-7X¥^-< y* 

^Qi-x, Qi, Q 1+1 , ■•■••Sr^U"C*Wt#ilftl 0 4 
[0 0 2 6] 0!|x.l£, RfP.TtjftRjfcS umlCtSU 

XyiOl &t>*7K¥V7 hU^? 102 t7^A7 

^WSiilii!), at©CMOS^^-i?tyf 
i: Wfcffc&fr 5£ ktf»mxhZ> 0 W$> 

[0027] i^ic, a^fii, t*!it^X^ftf§ 

So Lfc^o-C, 04 (b) fc^-f i 5 (c, (t°i7 

^>u) '«:Mi-<&lM^4MI^C 11 . C 12 , C 
21 , ...... C MN c7>SiJ^fiST, , T 2 , T 3 , 

T N tma TtWiR 1 , R 2 , R 3 , , R M h 

T, , T 2 , T 3 , , T N fcMP^R, , 

R 2 , R 3 , , R M tXftmiste&b, ^^I+Sij 

lx, ^(Dftrn* 2 nkytmmt-tz ^ t &*smxibz> 0 

[0 0 2 8] |4 (a) (4, 4 WM^ftm 

& b m*mm lt 2 ikjmmt vtcw&^-To m 4 

(a) iCj3V^T, ffiiAlWife^lumaKATPt 

mmcittm&i nmsiTx&j&mnmsmmmm 

mwr> li^-m* 5 n mgTTMSil s tiJBSiNB 

liLt, ^**$H5„ ffi^A&t^ffi^BtCtt, S 

5 o A i ffi^ B [C^j- L T li-><4 5 ^ y ir ^^S>J 
S(D7tJ6{Cp n^^-ft- Kj. iSr^-feV-y-i LTtij 

SlJ^CDfc*tCp nS^^ 4-- KD j ^iStyf 

( 1 vm^mm-y-i k) t LT»f^**«. 

[0029] AMW^^^ro^KftWfiJi 1 fi^fc (9 

1 0 p j T'fc5«oT% 1 0 0 omnw^mim^x^ 

tL(4\ ^^^/w=3f— sds = o. 0 1 n j t^5„ n 
n5r^*c = o. 1 n j /Kcoy^ryyM.i.xmm 
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AT=S/C= 0. IK 
[0 0 3 0] W±»J; 5fC, $Si©gl©Xl©fi 

[0 0 3 1] 0 5 ~El7£ffi^-C, ^/h^ffi^Ci, j 

^£^£>-t v dtb«^coa^r ©M^jfetc J; 19 , nm«i 

[0 0 3 2] *-#\ *ffrl«2 9ttT > 0. 

l~3Qcm|fi© (10 0) ffitr^*ffiti-5 pl'> 

ffi£2 9»M^ift®?^LT, ff£ 5 0 nm~l 0 0 n 
m»y-h^>fb)ii4 2Sr^-T5o r»|^V t h «iJ«-f 
^-V^ASr*nx.Tfc^V\ ff-hmtm4 2 CD ± 

ro^KiCCVDfetcJ; y v-y 3y||4 3^3 0 0 n 
m~6 0 0 nmll 4 0 0nm«t5„ Jfcfc 

hj fcvv5„ ) .2 0 1 «r#!> S^U =?^it4 3(75^tg[cx 

0, 15 (a) (c^-ri^td, 7*H/^K20 1t 

^^^tu, K^tt^^s,^^ (rie) m 

ffi 7 3 y > y 3 yam (h*l*v*) tr^-r 
3„ 7t h u-^* f-201 &lSfc*u %itct£y 

6c lx> y* v y y^97-r— Stflf&ffl^ 

T> MOS h^S^^flWMWU;:-* ;*->i£Afl§HJn8lS 
«rJ£j£U *!Ji/y3yy-MS7 3^8i±^'f5 0 
-fr Lt, RffiL/c^y ->y a^y- hfft7 3 fcfrfcfc 

-t-f^yftAt^o -cdh3\ *?y ->y ayy- 

7 3(Ct>t* ( 75 As+) 7)S-r^->-aiA$tl.5o «T7t/£ 
1U fiEAbfc^iKttW^-xSriSttYllRtmtfcL, 0 5 



(6) 

(b) ICTpfi 5Jw¥*#£«2 9i;niy-^l«7 
lMn!KWySi7 2«U SjS 

A j-fy^^v-^^Tj, i©^y -yy ym 
y^^Tj.^i, T j+lii , ©*"!Jyp3yy- 

hWlT*fc5!7— KI^W^, W j+1 , ^Mftt 

[0 0 3 3] (p) M5 (b) ic^-fipic, g 

I^^ 5 'fyyh7yv ! ^^T j _ lii , Tj.i, 

T j+1>1 , ^JSiZ2III*&©MOS*«|§IKtt:#LTte 

JiWite«BttbT«IB-f-5S«:itei»W3 1 Sr. ff $ 1 n 

mmmcmm-tZo ros*iiii3i!i cvdsic 

itWk<D_t<Dmm0. 5^mgI®PSGRXIiBPSG 

m<D 2 mmm>bmi&&titcM&mx*ibz> 0 ;©mi 

[0 0 34] (^) XffrS&liJKS 1 <D_h{C, 7^- 

hw^hSr^fyitt?.. tLt, 7tfyy7*7 
z.(D;<? •—=-> yztitzy at- y ui/x y^y-th L 

I«fl3URIEfX7fy^U H^Lft 
V\ nly- *m&7 lWnSKWyf*7 2 ic*f 

3 iro±(c, fffc^7^- hwv?x h^r^t^^-t-^o 
^rb-C, 7*hy y/77-f-S»:J: vmtitjty* b 
u-v 5 ^. hSr^^— =y^t5„ ^V^^tvfc 
%fttz.t£y ir h \zz?y~ b&^y-f t LT, lttgl3 1 

y ^t?^ y 7- V ^ jS'J^illii C 
i.jtJKriSfS. tft^lHW^Ci. j<oj£*BJK«:, 100 
nmSS©iMW3 1^#^t5 0 ^ LT, a V 

ff$l. 2~1. 5pmO$SW (ztfU-yyay) 4 
4$rCVD&^fflVNT4i«-r?.o CVDMl^^P 

~>y 4§r*i^-r5^, y-x^©*y-y7V 

(SiH 4 ) tlD^tC, Tk^if^-C^rlRL/t^/K^^ 
(B 2 H 6 ) Sr, vX7P-3yhp-7tM»LW?) 
^in Lp+S v—y° K^H y-yyay4 4 A 
v^ii, / y k-7* y -y y a y 4 4 $r«l©f > -c^-y 

(B) ^<7)pS^M^^ffii!cLT, p+fK-ZF 
3Ky ->y 3^4 4(CLtfeIV\ %z LTs 

« (cmp) ^ffiv^-r, (p +® K-7°K^y 

w-mt^. <mmw< ( P +m v-y k# y -> y = » 
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p+MK-^K^y yy=>-44Si, nly-xfl 7 
lStfnSKWVi«7 2(C*J"f-5|gljl=ii/^^ h 

yyy 5 9c, 5 9d, tLxmm 

-fZo Z<D&, El 5 (c) |C^t±5t, tMfeftJ]||3 
[0 0 3 5] (=i) friC s i'©aiiil6Wi3 2CD±}C7 

* b yi>;x h«r^tr>a*U 7th!)y^77^-a 

— — yy* &tl1t~7 & b h&^X? t L"C, 

iK3 2&RI Efxyfy/L, |lia^? b7° 

9 c, 5 9 a, ^ti^timm-r^im 

tf^Mfti,' ttx, 7* h y y^77^-aW(ci 

9, 7t h F 2 0 2 lr/^--y^t5 0 Z<Ds< 

#——l/y&tltc7* b b 2 0 2 S-v^i? t L 

t, aj&ifiMia 2£R I Eti-yfy^L, 05 

(d) fc^H-±5te, Oi&lfilHKa 2}C*fLT, *»g|5 4 
5a, 4 5b, , 45 fSr»*t5. 5 

a, 4 5 b, 4 5 f ©**tJpK<0«»ICtt, 1 

0 0 nmmS«>»iiite»IK3 2 

[0 0 3 6] '(*)■ JtLT, fl*8B4 5 a, 45b, •••• 
•, 4 5 f , tonly-^f 7 lMnlKWV 
S«7 2l:g^t5f lf/M7*-;v (B^rNt) £ 
S*5<t5lw CVDMffll/^ f§l. 0~1. 5 

5c CVDMffiV^^y v-y ay 3 3 sri©sr*-.5ij& 
MJfifclHMIfc, SiH 4 i(fp#iC, B 2 H 6 S:8S*PLp + 
M Y—~7 Ktf y . v y =1 > 3 3 «r>T (in-situ) T-±i 

aU-Ct>^<, /^K-^y^y 3>-3 3Srit«» 

pffl^«»Srt£»L-Cv p+SK-7K#P = 
y3 3ICLt"fc&l\, Sic, CMP£rffl<^T, 06 

(e) tC^i-J; 5 (-> p+IK- ^K^y iSD =>>-3 3 
©*iBSr«ii!l6IMt3 2as«Wi-** i espffl'fl2**» p 
+ IK-7Wy *>y 3^3 3£r?*g|$4 5 a, 4 5 b, 

, 4 5 f StJm^&^lteLfcfSlS'WT*— 

W-ttu^tlWrtgCJCffl^jitfo % 1 g'M 7*— 

ifPictfifeji* ^tLfc p +a k— y kjk y v- y = y 3 3 

(2, nly-xi«7lMnSKW>i*7 2|;» 
-f-3f&2Jl=»y** hy^y'e 0 c, 6 0 d i LT« 

[0 0 3 7] ) :op+IK-^K*!l'/!) 
=»y3 3»±i:i, 7* hl"^* h 2 0 3 evi^f 

5c ^lt, 7thyy^77^-»ia*), y^h 

l'-^ h 2 0 3 £r^*— =.y^U tlt~ 
7* M/^h2 0 3 ^vx^tLt, y yy^y (3i 



p+) ^©niw^ty^, BI6 (f) ic^i-i5 
i^tyaAt5„ K-xiu, p+iK-7°K3Kyv 
y 3>3 3 ^i'^^Rm^sm^Micmmi-^o y*vu 

•^h20 3»ii < nSWtn'ty* 
iSttft U # V— KM 52Srp+I K-y° K# y y y 

ft« 5 2 &t5 p K— y° k# y v- y => y 3 3 ©±ic, 

%Ht/£7* blsit* b 2 0 4&Xfcf'y^fiTU y* h y 
y^7 7^-gf(;J; 19, 7th^Xh2 04^ 

4£-^;*y i: LT, El 6 (g) t'^-r £ t*>f* 
^ (75 A s +) ^©nS 7 FM^*VSr2 X 1 0 i 5 c 
m ~ 2 Sit <£> K-X'if'f tViSAt 5 c 7 * h W>X 
b 2 0 4 iftit, nMWty^ffitt 

2 0*BKi^Mt5 0 T>-H*«5 1, xj y 

— K1M66 ^s.tfxjy— K=iy*y HHtts 3 tX\ p 

[0038] (h) 7>y— K^y^y hH^5 3 S Tjy 

- Kffl« 52, p +m K-y y v y 3 y 3 3 rtiz. 
ti h ic^nxmm Litm^mmm 3 2 <D±.mc m& 

0. 3 M m~0. 8 MmCO||lSIW*6iitW3 4 Sr, CV 

D»(C±l9 itW1-5c r'©fglJilWi(fii|Wlt3 4tt, 

it (NSGi) > PSGI^KBBPSGI, Xlir 

■ciA'v\ romiaraif6^3 4©±tc, y* hw>y 
xh2 0 5 Srxt°>-M^L, y* h y y ^7 y — ms 

\Z£ <0 , 7* b y-yx h 2 0 5 x^/t5. r 

©/^^—^y^^nfcy* h y-y^ K2 o 5 Sr-^xy t 

LT, SlWW34SrRIEt*x^y^U EI 
6 (h) fCTjc-f-i 5 t-x 3^^F*-;H6a, 4 6 
Sl>'l2l3y3'7F7°7^6 0c, 6 0d«i 
$H5l2i^7*-^4 6c, 4 6dSrPP-f-5c 
7tfy^xF20 5»*«, £i«n£iMK3.4a> 

±iC, ^9y'ffl^*^^it«-t-5c ^LT, CMP^I 

tb-fS^-cqzifl'ft;^*, ^3ii=iyyy h77^6 1 

a, 61b, 61c, 61d, SrraV^y h*— 

;V4 6a, 46b, 46c, 4 6 d »rtgP(-S«65itf 0 

^3»=ryyy h/7^6 1 cM6 1 dtt, ^ti^fi 
EI*L/ d ;v^2Ji^y T*:— H 
2g=iyyy hy°7y'6 o c&r/6 o d^t^mus^^ 

y y h7"7?*5 9 cM5 9 dSr^LT, Sit^y 

y^hyy^^Tj, t n nW.y-^mm7 l&xfi Kv 
y y««7 '2fc*«Wl!iSSiM**b*o i3lny^yh 
y°yy'6 1a, 61b, 61c, 61d, fflcoy 

7^ffl*titLTii, ?y^f> (w) , f^y 
(Ti) , *P77y (Mo) ^roflJiH^jR, mfe 

©yy -y-y k (ws i 2 , Tisi 2 , mosi 2 ) ^ 

^cvd^ KSltft. x^.^uy^t«lt 
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[0 0 3 9] (f) ftll, I3i3^^h^5^6 1 

a, 61b, 61c, 61d, StfSllfflii 

HH3 4 cD±(C, ff£ 0. 3Vm~lym©^lI^M 

6 2^CVD& y ^^«fetf-e*i 

n-rz>o %nm&mm& 2 1 l-ci±, w, t i , Mot? 
<DnM&&m<vm7jv*^vj* (ad m^m^-m-? 

•3, 7tM"^h2 06?rI6 (i) (c^-Tipi-, 

[00 40] (y) z.<?>/<9— z-~y?&tilt.-7* h 1^ 

* b 2 0 6 t Lt, ill S^:JRJg|6 2 SrR I E 

T^y^y^U gll^JIKJiUl6 2 a , 6 2 b, •••• 

•, 6 2 f ^?^=yyt5„ 0 7 (j) w»rffi0± 

"Cii, W, 1 &JRBB*MI 62c, 62e, 6 2 f (ifefd*> 

^JfiSLfcEHwJ; 5ic*&*vrv^5;^ ¥®^y- — v 

±T?(i, & l&JMEIMi 6 2 c, 62e, 6 2 f «»^c 
Lfc 1 ^c0*^6a^T"fe?) o $ 1 6 2c, 6 

2 e, 6 2 f .IE J: 0, pnt^t-KDj^ro^y 
— K^y^^ hft:$5 3 ifiE^ s'f^h?^^ 
^Tj^OnlKW ^ffi$c7 2 .SfSJia^^^ 
h:7°^y*6 I d, S2lay ; S'^ h7"7^6 0 dWf 
1 g^y* v V y* 5 9 d £t> LT«55W^S5«g Six 

3„ ^Lt, ^l^Wii6 2a, 6 2b, , 

6 2 f <£>±g|5i-, ff£ 0. 8)im~l. 5/im<£>^2Ji 

'IBIilMts 5*, 0 7 (j) \ztMt3: 5 ic> CVDSC 

it5*lt5, r©$2lW«#e3 5 14, NSGJg, 
PSGHSKUBPSGI, 3tttwnf3»rtc75 2Ji« 

'±©tt##**ta» fe*Mi £ ixfc^fflt-c? t> ft v \ w roM 
2lTOii3 5 co_klc, 7* M/^ 

^;?- = y^tS„ ~0V<y- — =vy*Sixfc7* hu- 
^h^^Lt, flS2jfMI&IMl3 5 SrR I Et 
xyfy^L, |3lay^ h^V^'6 1 c dgMS 
tv5l3f/MT*wV (0*«) ^MP-TSo Jg3 
H^^T/Jv— /K±, I3|ay^^ h7*7^6 1cOS 
§|5*Rm-t-S<t 5 HIP StbSo 7*h^bSrM?S 
^ N 1413^^ h79?6 4 cfflitlt LT, 
W, T i , Mof»^BMII:*at5o l:Lt, C 
MP«rfflV-C % »2»WI&Bd»3 5O*ffiSr0 7 (j) 
iC^-Ti 5{C N spfifllU I4l3^^h7"7y6 4 
c £!g 3 Jg'M T*— /HC«ftiitf. 

[0041] mc, m2mmmmwk3 5#y±.ic^ 

)¥$0. 3 /im~l **m<£>|£2Jl:&Jg®l&, 

x^y* y >-7i£m-?mm-?&o ^2i^«tL 

Tfl, A 1 3g=L< nr7^-g-^ (Al-Si, A 

i-cu-si) gw&msim-vtbZo ^-(vmzm&Wk 
n<o_kt^ hSr^trv'^u 7th>iy 



JSJBISrR I Etiyfy^L, 2 ^JRISiUf 6 3 
^— =Vi/-T2)o 07 (k) fcaav^-ctt, Jg2^JSSfifi$l 

yy- MS 7 3 (y-K«Wj) tSCSfi- s^ftlc* 

.) l4S4l3>?^K7'7^6 4c, |?3J!='>'^ 
h7"7/6 1 c, ^2J1=>V^7 h 6 0 c, Jgl 

|ny?n7'7^5 9cS:j)-L-r 1 lE^^yf-y^ 

h^y-y^^Tj, iCOnMy-^^7 1 ic-m^m^m 

tf y HUB^, B 1+1 , dS£2&JHe*iUllw 

^ ^Bj.,, Bj, B i+1 , "••.'iffi'Lt,* 

2&m&BBb UTMt— ^iVi.j, Vi, v 1+1 , • 

7)5 tf s/ M6B 1 _ 1 , B it B 1+1 , ■••••tl^-XS 

•■••■(4, «Si©3Mk 2it«l«ftiBfcWlC3feff 
LTV^o ^rtt, ^2^«gE^S6 3i7)i:g|5tC N ff$ 
0. 8(im~l. ■5/im©^5'-y'<-y3yK36i, 
0 7 (k) IC^-rj; 5 fi, CVDfeJ;i9liit5„ r 
(Ds< s, 5<y<— 5/ 3 y|g3 6i UTte^ y 3 >mtM ( S 

i 3 N 4 ^) ^fflBiiB-efcSc *ut v cMPftiv^ 

t, /^yy<-y3yl3 6 0SKl7 (k) tc^-f- 
[0 0 4 2] 0V) Z. ff)y<y v-^C— v-3 >-JI 3 6 <D± 

lc, 7^- 1> y-y^ h 2 o 7S:^fyi*u 7tM)7 

^7 7>f-gftJ; t) , 7* h 1/-^ h 2 0 7 &v^ — 

-y^'-r^o i©/^-=y^$Ht7* h y-^ h 2 
mi6fNK3 5, Hir«g3 4, a«>ji*iie»i«3 

2lrRlE-ex.>fy^u 07 (1) [c^-f-J;5{c, 
IS47a, 47b, 47c, 4 7d^lPt5„ 
T\ r.Wftg[54 7a, 4 7 b, 4 7 c, 4 7 d ©jSg|5(C 
flttfj bfcSW^ (p+m PyKay) 4 4 

£ > y 3 yx y ^ v^«E-esss*-rn«. 0 3 (c^-r^/jN 

[0 0 4 3] C50 i^ir, tf^/VJ^y-v— ^<©*^CD,t 

£«2 9CO_h7)^^*g|54 7 a , 47b, 47c, 47 

?Ha54 7 a, 4 7 b, 4 7 c, 4 7 d (Dfa^Z^mW^l 
*CJ:5«iU m/hffiSWJKCi, jtttASJx*,, « 
§P47a, 47b, 47c, 4 7 d ©Wtl: t., ffi^*Sr 
IffcIAW^^, «$|34 7a, 47b, 47c, 
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4 7 dd^j-LT. ^) t> • (He-Ne) U— 

ll^K^:ii<, 1*8154 7 a, 4 7b, 4 7 

c 4 7 d©Mtt©*^#tt*Jfc»£**:: fctftti* 

[0044] i8ii, *mw<nm i (DmM<nMm<z>mM 

A-A*ffiit»ofcHKft^i-*. IH3-c?{±> IR'hffitfil 

•WSO^jtt, pl^iftSjg (VyaVSfi) 29© 

mmmmz^^-v-r w -m, P s»¥**#£« o> y 

El3t[D#iC, 7/- KW5 1, 

c t> t < nmm 1 1£ z> *v r y 5 asp i 

t j.i. T J+i,i> •••••«> a3-?lipi^ifi 

rt^, is i «)iate©^j»©^«fc#s-fe^T 

tt, flWJ*^ (pnM^t-K) D JtJ fcBI— 7k¥ 
TV^-5o H|J*>> K— 7° K^y v-y 3^13 3»SfficDn 
Only-xf«7 5 t nIKW yi«7 6 t©M<D 

piK-7 , K*y i^y 3^13 3 cd^bcd^— M|{k 
h^fkSSro±ro^y vy av^— b«®7 7^ 

«iJW5:g-r5*ft:|6mm3 lfctt, Illay^^b 
y°7^5 9c, 5 9d, (ttttVtt) 3 s , 

tux a i znm-tzx. 5fcSftii*nrv>*i»«Lfc 

^ Il|3^^hy7^5 9c, 5 9d, 

3 2WI*]g|5(Cfl2Jl=> hy°7?6 0 c , 6 0d, 

mmmm *mit>ih&tix\<^z> tmmvtctK 

$&2m=>>"?* V7°7if6 0 c, 60d, fiHl 

l = y^ny77~5 9c, 59d, Sr^LTn 

fy-^I«7 lWnIKW>'M«7 2 Ic^-etx 

a^t-Si^^ttTv^sro-efcS^Cj, 0 8[c^ii$jg 



tosMwwu £#wicei 3 tc^ i (Dmmmmtm 

[0 04 5] E8 fC^-T ± 5 (C, 2 9 tD^ffi 

*(cttJ*So BPVH7 (1) i^-TJ; 5 li*SBJ4 7 
a, 4 7b, 4 7c, 4 7d4lPLfc^ r.»?fg|5 4 
7a, 47b, 4 7 c, 4 7 d a>j£tRlCftttI Lfc^SM* 

t t> p + M K— 7° K*y->ya>3 3 tt, p K— 

^K#y ^y a v 3 3 z&m-fzM&mmmxmmzti 
yxyfy^tLtii, *nfl2'*y'j'A (koh) m 

[0 0 4 6] X> 0 8[C^i-fl|^tC*5VNT. it^-1'5' 

fy^h7 ys?x*T i& p +m K-:/ kjK-jj -y^ 
>33 ©^ffiic^-f-S ictt, «T«J; 5 tc-rHii^ 

[0 0 4 7] (-Y) 06 (f) (C^i-J; 5(c-r^- 

^^^Ai-J;'9, p+I K-7F#P is]} a>3 3©*I 

* ku-^ h 2 o ss:i»*a, ^btt#HMT'm«ia 
u p +iK-7"Kzifj ~>y 3<Dm^iz.m& 5 0 

n m~ 1 0 0 n m»y- MMISit«r»fiW-* 0 .'' ioy- 

*>«sflH4ikL» *y-p««5 2>a^fig$ttSo 

[0 0 4 8] (a) y-h^t^»±CD^ffi(CC 

vDfttcj; ^y =i>-ik, ^u<(iw^, MoBtgc 

y* hi/v 5 ^. hSr^x^ t Lt, R 1 E^icj: 19 h 
*«*ti|SFSr^ yf^LT^ y- h ftfli 7 7 AV^K* 

[0 0 4 9] (^) -t LT, 0 6 (g) ic^-fTVy-K 

3^^^ hm®5 3&r*i&-tz>tztb<Dmt^£y* buz? 

* h 2 o 4 sr^-xi^-rsKs^ ih]b#[c n sa:^>r 

7rogp^-ic^-rso 

[0 0 5 0] (=) ^rLT, ^^i/$ttfc7^- I- 

u^h2 04Sr-7^^tLT > 0 6 (g) 
in, t*-T ^"^ ( 75 As+) f©nlWWt>-^2 

x i o i s c m- zgft© K-xtt-ftyiiAtli 
[i, y-Mffi7 7 4vx^iL,t|si^icy-x 
/ k i^f y-^^^w P +s y—y* K^y y =» v 3 3 
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2 0 4* ma® s mt&m l n w^mm^ * > 

* y- Ka ^ Mi 5 3 y- km« 5 2 

©*ffi{C^$^5i:PNfiC, niy-^I«7 5RT1 
T, Wt5t^t;H:|±, Otitic, Ijt^yf^ 

h^y^^Tj.^, T j+l i , coy-h**-? 

S)5!7-FIW H , W j+1 , 

[0051] ft*5, s o I #3S©*Kfc/Bv\|xtf, HI 8 

Siffx-Y s^v^ h 5 9 T Jf , Sr % !R/hgffll4ff(lc 
Ci^roi (IS) 4rftS^T7 9*<SlortWK, 

K) Dj^st/Sii:^^ s/fy/hyy^^Tj, t 

[oo5 2] *.-f,. i|M»#aaR2 9©±jca>ii6 

RiEtl«Wi;x y fy^t5 G r«z)R i e 

T\ 0 7 ( 1 ) JC^-tflf §fi4 7a, 47b, 47c, 4 

i(g(4, *§i54 7 a, 47b, 47c, 47diH, 
0. 6 m~3 mJE<^fife-t"So R I'Efflxyf 

[0 0 5 3] (n) JtL-C, r.©^«jtSrS»e>*J:5 

fflv^tp S¥fe(fH > y = yf * x«w-mt l, 

fcpS¥*SS^y =^il(75_h{C7^ h l/v 5 * h 2 0 3 «r 

y-yxh 2 0 3^^-=y;! / 't5 o rco^^— — yy 

^Ilfc7* f U-yx F 2 0 3 5r-rxy t Lt, 06 

(f) tPitc, pl^y^yi©*si:*y- 

&Ai-<5„ -{^-yaA©vx^i:Ltffl^fc7tM/y 
^f-2 0 3 IfefbteStHSCTfatoS L> p S¥ 

felyy 3>-jf(D^ffi(C)f:$ 5 0 nm~ 1 0 0 nm»y 



[0054] (^) f?-bm<km<n±<D±m\zc 
vum^x <o#v yy ^>m. mv<uwm, mor*p 

-TSo Wcy* hwv 5 ^ b£^- h^fl-rogiic^ 
tr^ttus-t-s. *l-c, 7*MJy^77^-gfia 

•IWIftay.fi'^tT, MS7 7 (0 8# 
H8. ) Stf^gftBailizv-** — h 

[0055] (=) Jfci/r, 16 ( g ) (c^i-yjy— k 
^yy^ hits 3 *m$rtrz>it#)<Dmit.t£7 * hi^-y 

^ -h 2 o 4 zmc IDB#fc:> II^Y 

•yfy^h^yy^^Tj/iffiwiPSlry- h*«7 

[0 0 5 6] ('*)' =^^**tfc7* h 

yy^b2 0 4^^tiT, 0 6 (g) t Otitic 
tiff-f^y ( 75 As+) frona^ftYty^y^y 

aA-rtuti, y-MS7 7^v^y>Ltgei^ 
ty-VK yyyM^Sro p M¥*§fa^ y =yi© 
SIirt-ftyftA^tiS, -^rco^v 7thy-y^f2 

\is *y- K3y^y h«W5 3as#y— Kffi«5 200 

IKWy«7 6«Jtl (l8» ) % fif^ 
y^ hyy^^ T j, z.<r>'&(D 

x®tt, 0 6 (h) wi^(c^-rxm^«*wf-p]«^fc 
z<dx\ MULfcisiiit**-*-*. {au 07 (i) (c 

^-rtl^atfCx *SU4 7 a, 47b, 47c, 47d* 
HPLfcHv '-«5flWU4 7 a, 47b, 4 7 c, 4 7 d 
60iKg|5[C»tti Lfc^#^S« 2 9*. JfcfcttS" 

i$g|yy 3 yili, P s#My^yi«« 

[0 0 5 7] (H 2 roHJfccD^lg) B9I1, *^0^CD^ 

2 (Dmnoi&Micmz-t y-y-r i>w © tf^ ±^*m^ 

0fl, 0 2(DA-A*-[SlfC»ofc0ic:^^-t-So *1» 
7/ — K«« 5 1, * y — KWK 5 2 
StJ«*y— Kay^^ h®^5 3^&&S P ngrS-yV 

i: ft 3 *V 7 7 7 ASM cortgPic«fi5c^ttTV>fc 0 L-^ 
^2»IIJ6w^(c:#5-fey-^T n'ot^W 

tt, pnSf#^*-K©^*)»C % YtyftttlFET 
(Ion Sensitive FET : tlTi^KV^T HSFETj t 

ftSo I S FETii, Sf«(f ro^^-VSrtftttJLPHSrjffl 
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[0 0 5 8] S9{^-t-J;5tC, ^T7^Agpi(-fi 
tv^JSgPicti, I SFEToy- FiHiii^5S§5 

0 nm~ 10 0 n m@Jgtf>ffi&)|&iidK 3 2 L T V> 

SC. f+^;H*5 7mT\ pMV-^ffilSlc5 55 
VpSK.WV«*5 6«*n, I SFETDj i 

lillllIiteliW3 4aSE«5*tTV^5. ^lSfffl^)^3 
4 © X^fifil 1 &JRBBj|J| 62a, 62 b, , 6 

2 f a«B11£JvCV*a 0 mi^SiflUSe 2 dip UK 
Wy«5 6 tit flSi«IIRnfitHR3 4^Kii-T5H 

3l3V?^ K/7^61c, 6 1 d, 61b in 

± 5SS«$nT^5„ if? 1 Asians 6 2 c t P iv- 

3^^h7 , 7^6 1c, 6 1 d, 61al:i5 

mm.£tix\^<, Ii;l3i3y^^ ^^6 1 c, 

6 1 d, , m2m=>>?? h.Zfy?6 0 c , 60 

d, •"•■SO!Ilj3^ ; ?^7^5 9 C] 59 

d, ••■••^LT, $1^I£H16 2 f tSit^^ 
yfV/h5^^T Jil OnIKWvS«7 2 t 

6 2 d , 6 2e, 6 2 f fifefc^t^it Vtc 

1 &JREiRJi 6 2 d , 6 2e, 6 2 f liiigg Lfc 1 
W^iBiR-CfcSo LfctfoTT, mi^«iaa®6 2 d, 
6 2 e, 62f, «3l3^^>^7^6 1cy 6 1 

d, , I2fay^7 h7 s 7^60c, 60d, • 

••••RXf$$im^?f hy°9V5 9 c, 59d, 
•£7>LT, I S FETDj. jCDpM FW >fc«$5 6 <b 

«7 2 i:*sttftWl::a8tt*H"CV^ (H 1 »^«HIS&# 

fo^o ) o 

[0 0 5 9] 09|;^ti5l:, I SFET«y-hi 
^3 2ic^^-y^45 7 , -Fiii3 2Cfi 

SFET©^*-*/m«0>J£aMCI4, 3E7L 
A-) dS^Sf^npM^-Y^W^^Stt, ISFET© 

[0 0 6 0] fc*j, nIK-7" K*°yyUny33 

&<> so imm&mi&irzrim^WMi^fcm&m^ 

X, I SFET»tlj*5: btetuWaXfoZc, X. 0 

9m iE^-f •yfy^b^yyx^Tj^^ p gy 



W&tlX^&tf, I SFETDjjt — tR^P X/^JVO) 

*mwm c# yyy = l < '>y = y» 

SrfflVN-tp^-Y^HVIOSFETSr^i-ttfi, IS^ 
fi8BS*tlT0*LV\ C MO S©X|§ iridic, ISF 
ETDj^Srpft^MOSFETtN StUC^^f y^ - 
y^h^y^^Tj, jlrnft^MOSFETti 

fy^ h^y-y^^Tj, sfetd^ ^^y/N 

>- Mnft^/VMO S F ET£r1f rit 
pTH-C-fcS. -tecDp*H(4, S*#}fC0 3iC^Lfc!i!l <D 

mM(nj&WibmmxhZ(DX\ m%.^tz.mm*mm-t 

[0 0 6 1 ] 3MWfcX@lWKH$rW-r5a< 

±"9, HjgoTlgT'feSr 0 5 (c) * 

tt\ 05 (c) SJi^«:)S3 2£ff£ 1 Aim 

[0 0 6 2] W) BP*>, 15 (c) id^-TXgcD^, 

J5 (c) o^JftMs 2<r>k.\c.7* hi^* hSr* 
* M^v?X h 2 0 2?r-r^^ t b-t, S^/Pfeftil 3 2 £ 

Ri E-ex^fy^L, as (d) tmm^ m&mm 

M3 2 |£*tb-C\ MM 4 5 a , 4 5 b, , 45 f 

i'j^JEft-f**. SWIJ4 6 a, 45b, , 45f©^ 

tl-^tVCDiSgptCii, 5 0 nm~l 0 0 nmU8t<Dm&B 
AUK 3 2 

[0 0 6 3] (n) ^rL-C, ?fg|54 5 a, 4 5 b, 
•, 45 f, W0*L!iCl\nly^M7 l^n 

^•5J:5i-> CVDjfe&fflt^-C, ff£ 1. 0~1. 5(i 

mo#fii^ifti (^y-yyay) 3 3^*tai-5 0 

CVDft^rfflV^T^y >>y ay-3 3 Sr*a-rS^, tu5zB 
ilSUtli^ S i H 4 t |R|H#i-, 7tX7^ (PH 3 ) £r 

ftsin u ni K— 7 s K^y-yy="V3 3 yyyc« 
iLT^<, ;yK-7"*!)y!)=y33«a© 

3 3|CLttSV\ 3S(-^ CMP^fflV^, 06 (e) 
fcRWRlc, ni K-/ U y U = y 3 3 OiB^rlii 
I&M3 2*«*tbi-5*T5pffl<t;S-e-, nIK-7*W 
!Jy!J^y3 3 -&mU 45a, 45b, , 4 5 f 

[0 0 6 4] (^n) ftiC, hlx-^^ h^rnl K— 7° 

y y y 3 y 3 3 ©ssicT, fyitt 5„ ^lt, 
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oW^y ( n B+) ^c75pM^Mfe-r^>-5r2 X 1 0 
iscm- 2@fi» K— X4T\ y— K W VffM 

SFETD Xi «$iri5 ( rco^ti, H6 (h) U 

m^-txmt. nw&)izmmx&z<DX\ isifci 

[0 0 6 5] X, H9iC^i-tll5t(C*5V>-C, *fcfcti*^ 
(I SFET) Dj, iS-t^p^^^^aE^-T vf-ls? 

= a, »/j^amfia*s c i, j<DM xmm t & s ^ 

-rT7.^Aaji.©rt(flj|cjgfifcSjx5*ISAi|65lfl:« (S 

o i d ©s^-efcSo 

[0 0 6 6] ) *i\ ¥i*ft3£R 2 9 ro_hfcS&|& 
H3 2^LTnlW B '>!)3yi (SOIf) & 

7* N.y yy?7-f- SflftcJ: t) y* h V-^* 

H^^Lt, nlfM-^D a V)l 3 
2^(tWi-S*T, R I EfliRWCxyf^^tS. 
rORIE^ 0 7 ( 1 ) (C^-f?tg&4 7 a , 47b, 

4 7 c , 4 7 d ©ffi*lc*;ft«x#lW*«r»fifrfa. r. 

<&#KKi'0>*BW:» fgg|5 4 7a, 4 7 b, 47c, 47d 

[0 0 6 7] (B)^Lt, ro^iiS:*ft5J:5 
{£, CVDitia DKfblBtSriisM-rSo Sic, CMP& 

ffi^tniw a -> y 3 ^mtmtti-rs &x¥-mk u 

Lt, n If !J a Vl * 5 0 n m~ 1 

[0 0 6 8] (^) MMkKo±©±jfi»!:-c 
VDjfeici *>3tfy ixy a^R, seixttwai, moR$ 

®iSiS*^J^^K>y— MHS^S: 3 0 0 nm~6 0 0 
nmSatlfS. h^y— h«ffiW 

[oo6 9] (=o hmffiro-'N^-=yy(cffl^7t 

y* hw-^ hSrH^fcLT, frfc&y*- h fry 



^ L, '©y^ hWv 5 * hfr-r^y b LT, /foW^ 
V 0»B+) ^WpM ; F^'l'^->'Sr2 X 1 0 1 s cm 
-zgS©K-Xlt?, ISFETDj.iSU*!:^ 

5o *©& v y* h U-v 5 * h 2 0 4 frl&iHS, 

L, pl^Mfc-f ^-ySrfS'ttfb-rtifi, isfetd 
^©piy-xsts sxutpiKW ^««5 6 t 
mc s i^^s/fv^h^y^^T^iWpSy- 

gtt, 0 6 (h) «|^(C^-t-X@tS*W{c[R)i|-t?fc 
5„ {&U 07 (1) {C^-TirlHlfiliC, ?fgP4 7a, 4 
7b, 4 7c, 4 7d^|PLfct, ^K>*eR4 7a, 
4 7 b, 4 7 c, 4 7 d»jSgPicBttibfc^ft:StS2 

oi«>fy^©cf, niW-y^7iii nS» 
XJ&m £ fix v > 5 © t?^ y ^ v ^ * tL 5 .r t (4^ 

[0 0 7 0] (I3©H10II) BlOStfllli, 

Z> 0 rotlHtt, H2©A-A*|RUc»ofcB5li*BS 
■f?)o *l§W©m3<Z5||J6cD^}C#5-feV-^T W© 

JLhjji h 12 , '» ^3i» h 32 > h 33 , h 34 , 

5 0 dr^-yy°®3 7{4, 7W^i®«3t^777 
A«Ri©IBItRW.fen/tlBBMB©±^*r«5 7 y 

tCtf»*»©jBEfBja*|feK$^ y y V^g|5 3 7 c Sr^rWPfe 
SB*jfi-CX«fr&X«f*fP (3 7 a, 3 7 b) tt>ht£ 
5 0 (3 7a, 3 7b) (4, ^777A|f(il© 

*tt^noWfll|JlcfijB5*SNK5*t*i t t I *«IJ3 7 a y 

y Vv>g|5 3 7 c t f3fegP3 7 a tSr^i"?.^*- 

3 7b i:^>fet*/;g^tL-CV^-5o y 'J ^^$P3 7 c fcKtt 

titl/fc25?Lh 1X , h 12 , , h 31 , h 32 , h 33 , h 3 

4> , h 55 (4^iS^»f-^x^^-r5y^^^ 

irLTffifflty*5 0 ^ty7f3 7©*gB (7yy^ 
SB) 37ci/^ y v-<- -7 3^13 6 <0|B»Rt|BJ*S, S 

?Lh lx , h i2 » > ^31» ^32> ^ 33> ^ 34» 

eoffigp (y y v^SB) 3 7c b'<y is"<— v-g v!3 6 
<Z5lffl«z>iailB*>6>«/hSP««C t> jfc#A$tb5 ?>„ r 

<7)|®raSrSfeS« : b< (4, ®Lh u , h 12 , , h 

31 , h 32 , h 33 , h 34 , , h 55 ©lgi>)I< L 

X^ Si-fLhjj, h 12 , h 31 , h 32 » h 33 , 
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h 34 , , h BB *w.!m<D$tm7jfr*b\.xm^ 

T%Sv\ ft&, lioi;/Tti?i:> ry-Kf^s 

1, * y- KI*5 K3V^^ MH«5 3 

■ SnTWS,, z.<D£o\z^ 33l<DHiScD 
'bo 

[0 0 7 1 ] 010 {-^-fJ: 5 fc ?^|37 co3£ 
Kf^©^*^ 3 7a (2*77 — 37b IzlHiijfrfcBflgB 
rojK£«J&LTV^5cDT\ 'r.(04>*a5 3 7 a •■ (Pflgpco 
fi) »i|^*©«*«*t*:E«i-*ii:irJ:«)» 

[0072] H^sr^rwrt-aas, 3 <dmm<d 

ro|43i^j£S:fflV>Tll^'BrffiT?*5o fib, — ^Tffc 
9, S^Ifg-efcSr tl*%mr'foZ> 0 0 7 (1) St? 

HI 7 (1) fcPHRKU 7 a, 4 7 b, 4 7 c, 4 

[0 0 7 3] (4) BP*, 07 (1) tC^-f- J; 5 (C, SI 
5154 7 a, 4 7 b, 4 7 c , 4 7 d £M R Lfctt, £*L 
<b»?f£l$4 7a, 4 7 b, 4 7 c, 4 7 d St' 

0. 8 m m~ 2 ^ m©S$ «fttt|*5 i 5 1:7*^7 
[0 0 7 4] (n) KtC, TWr^-VUayOJ: 

[0 0 7 5] (^) 7* h£B&iH£, dri-S/^ 

JSffl*fe»^Srl»^ 0. 3/zm~l //mflSi-CVD?*(C 
«fc 5. ^-^y^ffllfilftlBSfcL-Ctt, NSG 

K, P S GlXliB P S Ggt^ttffl5rt6t?fc5 0 



IEfxyfy^U il 0St>*Bll ll^ti?/^ 
fLhn, h 12 , , b.3i> b.32' h 33, h 34 , 

[0 0 7 6] (=) ^rLT, £?Lh lx , h 12 , , 

h 31 , h 32 , h 33 , h 34 , , hgsSr^LTT^e^ 

*lfc£, 7 a , 4 7 b, 4 7 c, 4 7 d 7)S#t>*M P 

£tu3 0 HlC 31 4 7 a , 47b, 47c, 47 

d <D&mmm Ltc^mum- ( p +s k-:/ k# y ^> v 

4 4t>|»***b,-HlOfc35%i-«/ha!«l««C 
[0 0 7 7] El 1 2 f±, JR 3 cDHtto&ffiraX 

2 <da- Ajjfaicf&ofzmizm^-rzc *%w<dw3<o 

(CfSlt fetbfc^^ s^g 3 7 CDJJE (7 y 37c 

5/< y '^-'/9 *m3B <D±mcmnm8 1 ^ei 

[0 0 7 8] Hi 2 Ki*-tHfift»cJ:Hfi, IMt;fc«:fflv> 

t, 7!) i^fflj 3 7cWlt7 W frMMm 3 COlMSB t 

<e 5 ^ y 5/ 3 >m 3 6 co^ffi t <d m<omm&wm 

fi££#x., TgP«fii8 1 15*©1ttt*¥*., 

fflV^7 y >"i?|f|53 7 c «|!:^!/v"<-v'3yl3 6 

<©M£<Z>ra<DK«3:*fe<m*S. -*"> ±Wffi8 2 

(i, #«/^7: (C ± V) , 7!).^»3 7c©ii^y v"< 

14, ^< U, _h*U«S8 2}c*(©mttSr-^x., TWRm® 
8 1 (wA»«{uSr#^T, 7!J yv?a3 7 cClt^y 
•^">3yl3 6 0*ffit»W©gg«i^JS< LTt>& 
V\ r<oj;5i-, #*73^rfflV^T, 7H^37c0 

7J/V?b LXmmtHM^. 012-011, *ty^|3 

7tC^?Lh 11 , h 12 , , h 31 , h 32 , h 33 , 

h 34 , , hBBfcKttfcfcaBn?*)*^ ^?Lh„, 

^12' h 31 , h 32 , h 33, h 34> , h 55 (7) 

ft^c 010 ic^+m 3 (omm^Mm^ 

[0 0 7 9] 0*?r«l8&i-67jS, *»M<Ofg 3 «>|?lfi<75 

^I©»«l:#5tyf7Wl±, 5ftK3g 
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[0080] (yf) bp*» m i <Dnm<DMmx*mw via 

HI 7 ( 1 ) 5 IC, MM 47a, 47b, 47 

c, 4 7dSriPLfcf, ;tlf.B«S4 7a, 4 7 
b, 4 7 c, 4 7 d©«lCftAt5<t9iC7 ; t/P7 7 

63j$»ai-t-5*-CCMPS:tTV\ fltSP4 7 a, 47b, 
4 7 c, 4 7 d 5r7^7r => ^T?±!£>i£t?o - 

/NV^—yayiseroli;, w, Ti, Mo 

*y >?imxmm-tz>o ^<DTunmm&mm<D±. 

tc, 7th^h^fy»u 7*hyy^77 
y-MicJ;^ 7^t- ht^* h£^--y^-f-5o 

T, TgB*ffiffl&JSfl!l£R I E-Cxyfy^u rim 

[0 0 8 1] (n) Hie, Ta5«^8iro±f^ &0<1| 

y 3y*««t§ 0 ^LT, CMP-K«fc"J, 7^7 7 
^•y!J3y©gB5rWtL, 7*yV7 7^y!l3y© 

[0 0 8 2] 7* M^v>* h^*^, 

tiffl^as^cvDfe M&mmm. ^ytv^y 
mmxmm-tZa ±.towmm&mm<n±iz s *\ 

So L'*c, 7* n y y^7 7^siia 9 7* bu 

^Xh£v"^— —y^b, c\<Ds<7 — ^>?'£- fritz. 7 3r 

±9MWiffl&JRiK$:R i E-e^5>^y^u 1121;* 

[0 0 8 3] (~) ^Lt, ^-ry^Jiffil6liW©«WIJ 
(SPfe^ y 7 c tT\sJftmW$LZ<r>mUk(D 

ID) ^L<«, Mh n , h 12 , , h 31 , h 32 , 

h 33 , h 34 , , h 55 ^l^$tLTV\ft«^?L&r^ 

lt, 7*;v7 7^yy ^y-Sr-yy ^y^^v^-e 

^y^-y-^'-rtltf, 8£g|54 7 a , 47b, 47c, 47 
d^ffyMP £tv5 0 JSi-v r©IgP4 7a, 4 7 b, 
4 7c, 47 dOJgg|5(Cl@ajL7t^|sl»^4 4 1>Rfe*S 
*K Hi 2(C^tI/h»*C ijj ^M$^5o 
[0 0 8 4] (^4(7)Hffi(7>f^) ifiifs -r-Y^n^'v' 

-&<D*mftmm (^y^o ±ti«t5Loc (ubo 

ratory on a Chip) -^^i - TAS (Micro Total Analysi 



s Systems) tlX\,*& 0 ^ftfcWttffrCtt, ¥ 

[oo85] @i3ii, *mw<om4<nmM(Dten\'& 

£li&fc3j£-C*i>3o .H I 3{C^i-»SSW4 2£^L 
LTV>5tfS, «HiaW4 2^Lt, fe/hgfflMC 

j.iOrtWfc, MXj^tLTwS^ ^y/^f, 

mi <omm<D^mtmv.mcmmxh^<Dx\ mmLtz 

[0 0 8 6] ,^t\m<DfS4<Dmt&(DMWi\^^±>-9-T 

E*S*ifc#*, *y^S€, fefr»IS^^«^L< 
tt«#Lfc#^, tK«B£« e 4 2^Lt, »/jNffi^!H« 

t5rc^W*5©t% *>''f-*IB©iaaw«'HnB-C*> 

)WBaW4 2 t^LTStt^*tt©-t?^*/^HIBISU ffi. 

i:#5tyf7Kit LOC^/j-TASf©, 

v^SfMI*Wl3 lortSR, gfeVNfi, ^#M2 9© 
a»Ef 4 2(c^$tL-5^-f^oyVy7\ it 

mmr?^^-*.— 9 (^y^pjKyy) , v^^n^ 

[0 0 8 7] *»WOf54©*)||©^l|»C«*-fe^T 

x $> 5 . r. t rxtoffii x 5 o 

[0088] W) 114 (a) J^-riSBfffiBtt, 

LfcH5 (a) IJffSfattV^o H5 
(a) ^«5RWfclHHIII^ y-hiftl4 2Wi:©4 

i;7*fyyxh2o i Srsjf y yy ny§4 3co*bic 
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i <9 . 014 (a) S£^1-J;5(^ 7tH/-^h20 

o i t lt, m&'&j-x^^y^i/y (R I 

E) ^fci^y^y 3Sr^y^V^L-C, 0 

i4 (b) ic^i-,t5^> y-Mi7 3, lawffi^y 
->y3via^7 4, ^ y v- y 3 >mB (0^l& 

W ^r^-f-^o ^©i, y* h Uv?* h201 £B£i£ 

u fffc^7^- bSry-hmiS7 3, la^ffl* 
y v^y 3^ga^7 4^»^M}c^e°^*-rs 0 
•Cs 7* h y v ^fyy A—^M-kn^x, Mosb7y 
^^^MSi^tyaAfflinawt^ #y^ 
y ^>?-v%mi 3*@m$*5 0 ^<D»mLfc^y 

f h«*7 3 bffitcte7* b Wv 5 * KSr-r^ 

^ t Ltv § ES-a"Wt, fclJH'JtV (75 As +) §r K 
-XI10 i s c m-2(Dt-y-t-ftyttAt5. 
r©B3\ RtiJLfc^y V!) 3 h«1S7 3ICtti 

( 75 A s+) T^^V&A^tlSo l^cft^* hWv^ 
h^^LT^^, ¥^f££l£2 9£f?Mta3au SAL 

itTtWNM ^r^^ismt&uumi^ 014 (b) ic^ 

9" by >z?x ?T Jr i«^5„ 
[0 0 8 9] (d) 114 (b) tc^i-J:5tc/ 

mmmm t l xatg-r s 31^ y- h 

7 3St>'EWffl*?y Vy 3VgHH7 4^©±iC, JfL£ 1 
Mm6IIC«lt5 0 ^©SMi3 lf± % NSGI 
t P S GlXiiB P S Gg© 2S«jt^fc^$ttfcm 
■^Btt U ±1© BPS GIKtt^ !/7D-$tlt, 01 

4 (b) l^1-i;5t-, S^ite^3 l (D^ffi^qzifiit: 

[0 0 9 0] (^) Xft^ltlS 3 1 Wife, 7* 

'(TV-?;? — ~>-7"£titL7* b t L 

■c, mfcmmWi3 1 £R I e-c^^^u nlV- 

*fl«£7 lWnl KW^ffi*ilc7 2(C*j-i-^>3>-^^ 

3 l»±(c v gffc/,£7* hv-v 5 * t°>m.jf}-tZo 
^LX. 7*bVy?77j~&ffi\z£i9Mtctj;-7*b 

mtzfty* bUi>7. b&-?x? t LT, »^&S13 1 
4 4£CVDj££ffll^-C±t«-r3o ^LT, 



b^-/K7Drtsi5(caj6iiJ6 6>tifcK-7 ,> K^y ->y 

=>>-4 4(i > nly-^TlStFnlKWyll 
7 2i^t5lll3V^^f7*7r5 9c, 59d, 
iLT^tB1-So 014 (c) Sc^-Ti 

[0091] (=) rro^tt, ^ i (D-mm^m^h 
±^TU4(Dmm^mxmmi,tcm5 u) -07 

(i) iz7F-rmm*mkmm&)^mmxhz><DX\ mm 
*mmi-%o ^L-r, 07 (1) tmmK, 014 

(d) iC^-TJ;9l-, MU4 7a, 4 7 b, 4 7c, 4 
7d^fflPf5 c ^LT> rro8SSS4 7 a, 4 7 b, 4 
7c, 4 7 d wjggpfcBW bfc^Wi(S|-4 4MEfffl 

n«\ 013 [c*t<t 5 wsia« : 4 2 ^ft/h^gi 

[0 0 9 2] (*) «fflSa^4 2^^L-C. ft 

[0 0 9 3] mi 5te. *^W(DWi4<DmM<»WM<Dm. 

2COA-A^(S]iCf^ofc0!Cffia-rSo HI Slfft, ft 
2 9 ©«ffifcK«£^fc£#ifciBfcK3. 1 ©-§|5*3S^W 

m&<T>mrm\^»& s-t w-efi> 2 9 

i#eojRji5-<opiI*|Ji-L : T«j*SnT«sD A ftWai=4 2 
t^*M«2 9»rtg|5('^$tiTV^-5^^^5 0 
0 1 3 h WmXC, 7 J - Kffli 5 1, *y- K«« 5 2 
S^y-Kay^ httttis 3.ft>g>&£ttttHK? (p 
nm&y* *-'K) Dj, t «S, ft/h^ffi^cCi, j©3l«f 
L < F±S« ft 5 T 7 9 1 K# 

y ->y 3^s%ffiv>T#^^nTv^-5o se^-y s/^v 

^^y^nj,^ 01 3 -Cfi^^KtS 2 9<75 

dias^n-ci^cT)^ fR4<r>mi&<Dj&i& 

©SBWSfcffiS-b^tTWT?!*, ^tU^Dj, i tin 
HTV^o m<75f¥»i, S*W(c01 3^^Lfc^4» 

[0 0 9 4] 015 [C^-T «t 5 (C % 29©g 
Btcft«a« : 4 2 5rJ&fifc1-3©Hu KT©i 5 (cffi^ic 

[0 0 9 5] (-f) BP^, H l <nmM(r>Mmx®.W bfc 
0 7 (1) tli^SlfC, ?t$|54 7a, 4 7b, 4 7c, 4 
7dS:|PLfci, rw?fgi54 7 a) 4 7b, 4 7c, 

4 7 d (o&m^mm Lt^i* 2 9 zmM^ y 3 
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T, /v r >^-> 3 yi3 6, S&2J1 HB*&|SB|3 5, % 
1IWM3 4, afti&&il6IMt3 2IIU JEIC^ 
^frKffi 2 9 o-g|JSra^WJc|»*i-5 <fc b l£s R I E 
-C^s^^U 016 (a) ic^-TJ;5ic, ^ffllfiW 
M#F4 3a, 43b, 43c, 43d ^MPi" 

■So 

[0 0 9 6] (n)fWfM#F4 3a, 4 3 
b, 43c, 4 3d*HPft. tiftfflg2 9***f 

43a, 43 b, 43c, 4 3d WjS£§P^ffi^3Si"5> J; 5 
ic^y^y&mft U 016 (b) fc*rf-£ 
§154 8^5153,, 
[0 0 9 7] (^) jgJC, jl5£tt#H^,^-^W^a§r 

«6Ki-nii, atjgap4 8«s^l, si 6 (c) t^-r 

<£ 5tC«P!Balf 4 2^Pffl-T5o 

[0 0 9 8] &:jb\ SI*©M'5c5.«i»Hiafl e ^fiaffl#F4 
3a, 43b, 43c, 43d©» §r«M3: 

[0 0 9 9] (tyfTWffl^S'^- v 5 ) Ml Jb^m 

7 tc^-r i 5 y^-^icnx» ^xmrn-tz =. t tm 

£LV\ 01 7 (d^i-J: 5&^s"ir— i?(4, ^JS^LX 

teffimvkv^v sr-i?m-m 1 2 1 jb^m 4 © 

1 ^lK#)£;ft-t^5 0 ^y^r— v>§£g 1 
T> a*^— 2»HgR(4 > yZsst. 131? 

^jsm y^*. 1 3 *^l-c, &mtiLi~%>m± 

^l/y>ai 3^^?tAbfci^:^caefE#:d^ 
[01001017 (b) »»?ffi[II(c^$4x5<i: 5 t£> 

a , i4b, uc^ iKDfem&m^c-rnz 

iilJl^ft-CV^o #?L1Sl4a, 14 

b, 1 4 c^g^tt-CV^r t(C J; "9, &JgM -_y->^ 

[oioi] {^<Dm,(Dmm<r>mm) XtecD±9(~, * 

mmam i Tisfg 4 (omm^mmic x o -cis* a« % 



[0102] ^!ix.fi, w,\Jh^%A(n>%mmm\^\^ 
[0103] m^mmmc Jt ^^m^m-A • @sg£ 

£5§-T 3 i£{ tir A ( C s I : T 1 ) K ] J = >7 

A(Gd ? 0 2 S:Tb)48¥»11bte#&B;frfbU JfcWttPl 

[0 10 4] 01T"i4 x X — hV ^^.fC(Ct°^-fe/W 
S:El'Lt=y'77W (2^tc7W) Sr^Lfcd^ 

[0105] ^coxoi-. *$£Wtez.^xnmm^x^ 

[0106] 

[hi ] *%w<dmi <DmM<Dmm\zmz>±yVT w 

[0 2] 1 0*l©»«IC«5t Vt7 

[13] ^m<Dmi (DrnM^mmicm^^Tu^ 

<Dt°?-±;U(DmMMXhZ> a 

[04] 04 (a) 14, 4fflB©2>f»4ftSr'f^-y 
^^-t-?)fc«)W«S^#J^^-f-0-C\ 0 4 (b) 

-frx^^^ro^s^piHtcfT 5 m^nmwmxib& 0 

[0 5] 1e$m<r>%\ <DMM(D : }&mz.&Z>~t>y-T w 

[0 6] &&w<nmi nmMnMmiztfkz-tyv-T w 

[0 7] *»9!0>J|$i ro*J6ro^ic:#5-fe:v-y-r W 
©«Jt*jfeSrKW-*-*XSWiBBI-eife* (^»3) . 

[08] *mw(omi (Dmm(r)wm<Dmm^m^±> 

•y-7 W©t7tyWiIlT*fe5„ 
[0 9] *5§PJW^2»3lffiW^^#5-fe^-y-TW 
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co tf >? -fe >vo> m s m -e & % o 

[010] ^B^W^SCOltJfecO^tC^S-fe^^TW 

[01 1] 01 O}c^:Lfct°^-fe^cO±E0T'fc?)o 
[012] *^B^co^3co5U£co^«ico^^('«?>-fe 
y^T co -fe/wcoW-ffi0-efcS„ 

[013] ^B^C0^4CO^JtecoBffil-«S-fe^^TW 

>T » t° -fe y v co Sir E 0 T? *> S „ 
[014] *»|JliO»4iO|tJtO»1il!:fllS-feV9-TV' 

[0i5] *wR<D&4<Dm^<Dmi&ff>w&mz-&itt 

[0 1 6 ] *&ff\<r>%A <DMM<DMm<Dmj&fflizfc2>-te 

[017J 017 (a) (1, SlT!/^m4C0^J£c0^ 
017 (b) t±, ^co»fffi0T*fcSo 

1 ^>TT7 7Ag|5 

2 a Jg 1 Sfffljp 
2 b #2^W 
3 

1 2 ^y<ir-^*SS 

1 3 &JR> 

14 a ,14b, 14c #?Ug 
15 

2 9 P S^M (-yyaylffi) 

3 l SftifeftllK 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 



fgiJffffl*6M 

3 7a *SB) 

3 7b X3fg|5 (*:*— MfP) 

3 7c 7 U Vv?g|S3 7 c 

4 1 HfrfblMf 
4 2 



43 /K y y a 

43a, 43b, 43c, 43d 

4 4 ®mtm (*!)i/y=y) 

45a, 45b, , 4 5 f . jt $15 

4 6 a, 4 6b zt^frfh*— )V 

4 7 a ~ 4 7 d 

5 1 7/- K«*fc 

52 *y-h°mm 

5 3 *y-Kay^^ h«« 

5 5 P My-*f«!c 
5 6 pikw >mm 
5 7 f-\^/vmm 

5 9c, 5 9 d illa^^h77^ 

6 0c, 6 0d JK2Ji'a'V^.^ K/?^ 
6 l a~6 1 d ^3Ji = ^^^ h:/^ 

6 1 e, 6 1 f , 6 4 d =i>-^^ Y-7=7if 

6 2a, 6 2b, 62 f £ 1 &JREIMi 

6 3 3? 2 &*BBilMi 
64c i4fny^^ 

7 1, 7 5 nfy-^ig 

7 2, 7 6 nIKW >MJj!c 
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